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PREFACE. 


SCARCELY a century has elapsed since Electricity was but 
a modest chapter in treatises on Physics The Leyden 
jar, then, had just been discovered; and the power of the 
electric spark had already presented itself to our notice. 
But Franklin had not as yet established the identity 
between lightning and Electricity. It was merely known 
that certain bodies, after having been rubbed, become 
capable of exercising an attraction around them, — that 
some substances are conductors, and others non-conductors 
of Electricity, — that in Electricity there are two different 
principles, which attract each other, whilst those which 
are similar repel each other, — that the uniting of the two 
opposed principles gives rise to sparks, the power of which 
may attain to a remarkable degree of energy, by means of 
proper apparatus. 

The philosophers of 1750 knew very little beyond that 
of the nature and properties of Electricity. Who, at that 
time, could have supposed that Meteorology would ere 
long discover in Electricity the cause of the grand pheno- 
mena of the atmosphere ? — that Heat would borrow from 
it its most perfect instruments, and the means of manifest- 
ing its most important laws? — that Molecular Physics 
would have employed it for the purpose of penetrating 
into the intimate constitution of bodies ; and would have 
caused it to concur with polarised light in the manifesta- 
tion of the relations that exist between ponderable matters 
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and the imponderable cther? — That Chemistry would 
have been indcbted to it for the discovery of new elements, 
the formation of new compounds, its most powerful means 
of analysis and synthesis, and its most satisfactory theories? 
— That Mineralogy and Geology would in a great mea- 
sure have found in it the explanation of the origin of their 
crystals and of their strata? — that Physiology would 
have deduced from it a more intimate knowledge of the 
forces that rule over animated matter, and the secret of 
acting on such matter almost as life acts? — that Medicine 
would have discovered in it resources against maladies 
hitherto assumed to be incurable ? — that the Metallurgic 
Arts would have found in it new processes for extracting, 
moulding, and applying metals ? — that, finally, it would 
have furnished to Mechanics a force, as prompt as thought, 
equally independent of time and space, — would have en- 
abled intelligence to escape from its limited cnvelope, to 
dart at pleasure with the rapidity of lightning into the most 
distant regions. 

Such, however, are the marvels that Electricity has 
accomplished in less than a century ; such are the links 
that now unite it in an indissoluble manner with all the 
parts of the physical sciences. And hence the study of it 
has become indispensable to all who cultivate these sciences, 
— to the chemist, as well as to the natural philosopher, — 
to the geologist, as much as to the physiologist, — to the 


engineer, as well as to the physician. All arc compelled to. 


meet Electricity in their path; all consequently have nced 
of becoming familiarised with it. I have been induced to 
think that a work designed to satisfy a want which is 
universally felt, would be received with favour. The very 
abridged manner, and the unmethodical style in which 
Electricity is for the most part treated in the treatises on 
Physics is not at all calculated for attaining that end; and, on 
the other hand, the special works that are devoted to it, 
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enter too much into detail for persons who do not desire 
to make it the principal object of their labours. To initiate 
into the study of Electricity all the category of men of Art 
and Science, to whom it is necessary, an exposition is re- 
quired that shall be at once substantial and elementary, — 
complete and abridged ; the subject must be presented in a 
logical order, and not, as has been hitherto the case, in an 
order that is almost purely historical; in a word, the 
character of a true science must be given to this, as to the 
other branches of Physics, of which character it will always 
be deficient s0 long as it shall remain a simple, and, as is 
generally the case, a confused compilation of hap-hazard 
theories and disconnected facts. 

I have endeavoured to express the spirit with which I 
have been actuated, while preparing the Treatise that is 
now submitted to the public. I have not attempted to 
make it a treatise for men of the world, although I have 
endeavoured to render it comprehensible to all who have 
received a reasonable amount of intellectual culture. I have 
endeavoured to address myself cssentially to men who cul- 
tivate science, and who consequently are already acquainted 
with its language and its processes ; but, at the same time, 
I have not aesumed them to possess previously any profound 
knowledge of this or that particular branch of science. On 
this account, I have collected in some final notes, placed at 
the end of each volume, the mathematical developments, of 
which certain particular points are susceptible ; but which 
are in no degree essential to the knowledge of the whole. 

It remains for me to explain the order that I have 
followed, and to justify it, by a rapid glance over the 
vast subject to which the Treatise on Electricity 18 de- 
voted. 

When viewcd in relation to the successive progresses 
that it has manilested, Electricity offers so prodigious a 
variety of scientific features, that the mind runs a risk of 
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being lost when, by following the historic order, it is most 
commonly obliged to contemplate them all at once. Whilst 
it is following with Coulomb the researches of the laws, to 
which static electricity is subjected, it is called upon to 
scrutinise with Galvani the mysteries of animal electricity, 
and to travel with Volta to the discovery of the pile. 
Then again, whilst it is endeavouring to comprehend the 
beautiful calculations, on which Poisson has founded the 
thcories of electricity, it is seized with admiration at the 
magnificent as well as unexpected results that Davy 
obtained from the Voltaic pile, But it is when setting 
out from the year 1820, which Oersted’s discovery has 
made 80 remarkable in the history of the sciences, that the 
task of him who wishes to follow day by day the move- 
ment impressed upon electricity, becomes still more dif- 
cult. In the first place, it assists in the creation of that 
new branch of the science, which includes under the name of 
Electro-dynamics the general laws of electricity in motion:— 
the very interesting study, to which it leads, of the works 
of Arago, of Ampère and of Faraday, the founders of this 
part of physics, is constantly interrupted by discoveries of 
a very different order. Here is Seebeck, who discovers 
thermo-electric currents, here is Becquerel, here is Nobili 
who analyse them, at the same time that they are laying 
the foundations of electro-chemistry. Here are Marianini, 
Matteucci and Dubois-Reymond, who, in taking up the 
labours of Galvani and of Volta on animal electricity, 
give to this part of physiology a development, which 
threatens entirely to usurp it. Then there are the works 
upon the theory of the pile and its effects, which have called 
into the field very many philosophers, as Ohm, Pouillet, 
Fechner, Faraday, &c., and amongst whom is included the 
author himself of the present treatise. Then, again, there 
is an uninterrupted succession of new researches — the mag- 
netic, the chemical, the calonific, and the luminous pheno- 
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mena that are produced by currents and electric discharges, 
and on the application of which these properties of electri- 
city are susceptible.  Finally, there is the study, that is 
being prosecuted at once by many philosophers, of the 
sources of electricity, and of the laws by which they are 
regulated. Every day there are new names, introducing into 
the science of electricity their contingent of discoveries ; and 
old names which are far from ceasing to furnish theirs. 
There is Becquerel continually reappearing with the results, 
as various as they are numerous, which he derives from his 
galvanometer ; there is Faraday astonishing the scientific 
world, after his induction currents, with diamagnetism, 
and all the other productions of his creative genius. 

This very imperfect and rapid sketch of the features 
that would be presented by a chronological exposition of 
the theories on the phenomena with which electricity has 
been enriched during the past century, is sufficient to show 
the confusion that would be created in the best organized 
brain, by this mode of studying. In order, therefore, 
that this study may be conducted in an intelligent and 
sound manner, it is indispensable to introduce into it 
a methodical classification, which, by grouping under the 
same head phenomena of the same order, facilitates the 
explanation of them and their retention in the memory. 
To the attainment of this end, have my endeavours been 
directed. 

The examination of electric phenomena very soon leads 
us to discover two very distinct points of view; one of 
which comprehends the general laws to which electricity 
is subjected, whether in a state of rest or in a state of 
motion; and of which the other comprehends the various 
effects that arise from the action of different bodies upon 
electricity, and the action of electricity upon these bodies. 
In the first point of view, as the ponderable substance 
only serves for the manifestation of the general properties” 
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of the electric agent, its particular nature is of no im- 
portance; it is sufficient that it be an insulating or a 
conducting body. In the second point of view, the body 
plays the principal part; consequently its physical and 
chemical constitution exercise a preponderating influence 
over its relation with clectricity. From these two very 
different objects, under which the study of electricity may 
be viewed, arises evidently the necessity of studying 
scparately the facts that appertain to the one, and those 
that arc comprehended under the other. The sources and 
the applications of electricity also form two parts, that are 
very distinct from each other, and from the preceding. 
These few words will suffice to explain the division that 
J have been very naturally led to adopt. 

À First Part, which serves as an introduction, contains 
a gencral exposition of fundamental phenomena, and to a 
description of the principal instruments that are employed, 
either in producing or in detecting and measuring electri- 
city. The theoretical aud complete explanation of these 
apparatus, it is true, can only be given further on; but 
it is quite neccssary to become acquainted with them at 
the very outset of the descriptive part, on account of the 
services that are constantly being required of them. 

The Second Part, entitled Sfatie Electricity, 18 devoted 
to the exposition of gencral phenomena, that is to say, the 
laws presented by electricity in the state of rest or tension, 
— attraction and repulsion, distribution, induction, dis- 
guised clectricity, theories on the nature of electricity. 

The Third Part comprises the general laws of electricity 
in motion, which constitutes Ælectro- Dynamics and 
Muagnetism, which is considered to be nothing more than a 
particular form of dynamic electricity. Different chapters 
are successively devoted to magnctism, properly 80 called, 
to the mutual action of magnetism and dynamic electricity, 

‘to magnetization by electricity, to electro-dynamic in- 
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duction, and to the action of magnetism and of dynamic 
electricity upon all bodies. A distinct chapter is appro- 
priated to magnetic galvanometers, on account of the 
importance of being well acquainted with these instruments, 
and of knowing how to manage them, employed as they so 
frequently are in the physical sciences. 

The Fourth Part includes under the title of Trans- 
mission of ÆElectricity through different Media, first the 
description of the phenomena, relating to the mode itself 
of the propagation of electricity in the interior of bodies, 
of conductibility, &c. ; then a detailed study of the calorific, 
Jluminous and chemical effects that accompany this pro- 
pagation ; and finally the examination of the physiological 
phenomena, to which it gives rise in organized bodies. 

The Fifth Part has for its objects the Sources of Elec- 
tricity ; a subject which can only be conveniently treated 
of after the study of the general laws which regulate 
electricity, whether static or dynamic, and of the various 
phenomena, by which it manifests its passage through 
bodies. The successive examination of the different phy- 
gical, mechanical, and chemical actions, which liberate 
electricity is preceded by a glance into the general causes 
that produce this liberation, and is followed by a theoretic 
explanation of electromotor apparatus. The natural sources 
are studied in their turn, both in their origin and in their 
effects; animal electricity, atmospheric elcctricity, terres- 
trial electricity, which comprehends terrestrial magnetism, 
are the threc forms, under which nature of itsclf produces 
electricity ; and they conscquently form three distinct 
chapters in this part of the Treatise. Each source is 
considered not only in respect to the development of the 
electricity to which it gives rise, but also in the relations 
that unite it with effects analogous to the producing 
cause, and which effects the clectricity itself is capable of 
originating; a connection that lcads to gencral consider- 
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ations on the forces of nature, which are replete with 
interest. Thus heat, chemical action, physiological action 
are at once the cause and the effect of electricity ; and this 
double form, under which electricity manifests its relation 
with these three great forces, is a proof of the intimate 
union by which they are connected both with electricity 
itself and with each other. 

Finally, the Sixth and last Part is devoted to all the 
various applications of which electricity is susceptible ; — 
electro-chemical applications (gilding, galvanoplastic, &c.), 
electro-magnetic applications (telegraphy, clocks, &c.), 
electro-calorific and electro-luminous applications, electro- 
physiological applications to medicine. 

The simple enumeration I have been making of the 
different points that are treated im my work, though dry 
and abridged as it may be, is sufficient to enable every mind 
that is in the least degree inspired with a love of philo- 
sophic truths, to perceive the vast extent that electricity 
occupies in the domain of the physical sciences. It may 
seem matter for surprise, therefore, to find no place 
assigned in my division to the study of the great 
questions which concern the constitution of matter, and 
the nature of physical forces; and the more 80 as electri- 
city appears to be the most general form, under which is 
presented the link that exists between ponderable bodies 
and immaterial forces. But considerations of that kind, 
which are more metaphysical than physical, could not be 
treated with that development which they command in a 
work of this kind. However, although I have not de- 
voted to them a separate chapter, I have not failed to 
enter upon that subject, whenever an opportunity pre- 
sented itself; convinced as Ï am that, independently of the 
interest which they offer of themselves, they possess the 
immense advantage of elevating the mind, by bringing it 
nearer to the Almighty, whose power is more fully recog- 
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nized, in proportion as we examine morc closely the works 
of creation. 


Geneva, November, 1852, 

P. S.— Private circumstances had occurred to the author, 
which compelled him to suspend his labours for a very 
lung time, whence it happened that the printing of his 
work was interrupted; on which account it has been 
decided no longer to delay the publication of the first 
volume, which has been printed for upwards of a year. 
The publication of the second volume shall not be delayed, 
and will take place in the spring at the latest. 

The French manuscript of this volume was entrusted to 
the care of Mr. Charles V. Walker, by whom the present 
translation has been made, and who has carried the work 
through the press. He will translate the second volume. 
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TREATISE ON ELECTRICITY 


THEORY AND PRACTICE. 


PART L. 
PRELIMINARY NOTIONS. 


CHAPTER L 


MANIFESTATION OF ELECTRICITY. 


Eetricity developed by Frichon. 


WHEN a stick of wax, a piece of amber, or a glass rod, is 
rubbed with very dry cloth, these bodies are observed, by 
the effect of the friction, to acquire the property of attracting 
small fragments of paper, small balls of elder pith, and light 
substances in general which are placed in their neighbourhood. 
This attraction occurs at a distance ; and the substances upon 
which it is exercised remain adhering to the surface of the 
rubbed body by which they are attracted ; or 
dl .” rather are alternately repelled and attracted 
—#st— by this body (Fig. 1.) The bodies, upon 
Fig. 1. which the friction has developed the pro- 
perty that we have just explained, are said to be electrised ; 
and the property itself, and the agent to which it is supposed 
to be due, is named electricity. This name electricity is derived 
from the Greek word Asxrpov, signifying amber, the first 
substance, it is said, upon which electrical properties were 
observed. | | 
VOL. I. B 
£° . 


2 PRELIMINARY NOTIONS. PART I. 


The substances that can be electrised by friction are 
numerous ; in addition to those we have named there are 
sulphur, the different species of resin, gum-lac, the majority 
o crystals, wax, the skin of a cat, &c. However there are 
some, and the metals are of this number, on which it is 
impossible for us to develope the same property. On this 
account, the former have been named Zdio-electrics and the 
latter An-ekectrics. But it was soon discovered that this 
distinction was not fundamental, and that the difference that 
had been observed between bodies, in respect to their sus- 
ceptibility of being or not being electrised by friction, was 
only apparent. Another property, electric conductibility, is the 
true cause of this difference. 


Electric Conductibility. 

A metal rod is to be fixed to one of the extremities of a 
stick of glass or wax, and to be adjusted carefully ; the stick 
of glass or wax is then rubbed, especially in the portion 
nearest to the metal, care. being taken not to touch the metal 
either with the hand or with the rubber. Small light bodies 
are then brought near; they are immediately attracted by 
the metal rod, as they would have been by the glass or the 
wax itself; and this attraction is exercised by every point 
of the rod, whatever be its length. From this experiment we 
must conclude that the agent which has been developed by 
friction upon the glass or wax has passed into the metal, and 
is there diffused ; since the latter is found to be electrised, 
without its having been rubbed, and merely because it is in 
contact with a body that is itself electrised. Were a glass 
rod, a piece of wax, in a word, any one of the idio-electric 
substances, put in place of the metal rod, it would not have 
acquired electricity by its simple contact with the electrised 
body. This property, which is possessed by metals and in 
general by the bodies that had been designated by the name 
of an-electrics, of acquiring and propagating through their 
whole extent the electricity possessed by the part of an 
electrised body with which they are placed in contact, is 
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termed conductibility for electricity or electric conductibility. 
Bodies possessed of this property are termed conductors, and 
those which possess it not inswlators. 

The human body, wood, especially damp wood, and ‘in 
genéral animals, vegetables, and a great number of mineral 
substances, are, like the metals, conductors of electricity. 
The globe of the earth is equally so; on the contrary, 
atmospheric air, especially when it is very dry, is not 80. 


Consequences of Electric Conductibility. 


Many important consequences follow from the property, 
that we have designated by the name cf electric conducti- 
bility. 

1. An electrised surface that is put in communication 
with the ground, by means of one or of several conducting 
bodies, must lose its electricity. In fact, this electricity passes 
into the conducting bodies, and thence into the terrestrial 
globe, where it is diffused, and consequentiy becomes in- 
sensible, on account of the immensity of the mass in which it 
is distributed. Thus the terrestrial globe is termed the 
common reservoir, in order to indicate that to it is carried the 
electricity of bodies placed in communication with it. 

2. The atmospheric air, being an insulating body, electrised 
bodies do not lose their electricity by their contact with it. 
Were the air a conductor no body could preserve its elec- 
tricity, for it would be dissipated immediately into the whole 
mass of the atmosphere. This does take place when the air 
is moist: it then loses its insulating property, and the elec- 
tricity of the body, that is in contact with it, is dissipated more 
or less rapidly, according to the greater or less degree of 
humidity. When, therefore, we wish that experiments made 
with the electricity developed by friction should succeed well, 
it is necessary to dry the air carefully when it is not naturally 
dry 


3. When a conducting substance, a rod of metal for ex- 
ample, is held in the hand and rubbed, we must not conclude, 
from the absence of all electrical signs, that this substance is 
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incapable of acquiring electricity by friction. In fact, sup- 
posing that it could acquire it, it would allow it to escape imme- 
diately into the ground, by means of the hand and the body 
of the operator. On the contrary, when an insulating body is 
held in the hand, and is rubbed, it preserves its electricity, not 
being able to conduct it; and, in order to deprive it of that 
electricity, we must touch successively with the hand or with 
a conductor communicating with the ground, all the parts of 
the insulating substance that have been electrised. So also, 
in order to show that a conducting body can be electrised, we 
have only to insulate it; that is to say, instead of holding it 
immediately with the hand, it must be fixed to a handle of 
glass, of wax, or of any insulating substance, by means of 
which it is to be held. This body is then rubbed, and it 
becomes capable, like every other electric substance, of at- 
tracting light bodies To perform this experiment well, we 
have only to procure two perfectly similar balls or cylinders 
of metal, one fixed at the extremity of a glass handle, the 
other at the extremity of a metal handle; and to rub them 
successively with cloth, holding the handles in the hand; 
the former attracts these light bodies, the latter never attracts’ 
them, Only great care must be taken not to rub the glass 
handle at the same time that the metal, which this handle is 
intended to insulate, is being rubbed. 


Electric Conductibility not absolute. 


The conductibility of bodies for electricity is not, however, 
an absolute property ; that is to say, we cannot classify bodies 
into bodies of which some conduct electricity perfectly well 
under all circumstances, and of which others never conduct 
it in any case, in other terms, into perfect conductors and perfect 
insulators. 

The metals are almost perfect conductors ; however, they 
present among themselves differences relatively to their de- 
gree of conductibility ; and the same metal conducts better 
or worse, according to its dimensions and its temperature. 
Resinous substances, vitreous substances, silk, oils, caoutchouc, 
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gutta percha, are substances that insulate very well, but not 
all to the same degree ; thus, a very fine filament of gum-lac 
insulates better than a filament of silk or glass of the same 
diameter. Gum-lac and the resins insulate better, as they 
are drawn out into finer filaments ; this is the reverse in glass, 
which, when drawn into fine threads, becomes a tolerably 
good conductor. Finally, wood, pure water, the human body, 
a great number of minerals, conduct imperfectly, that is to 
say, they conduct powerful electricity well, but feeble elec- 
tricity not so well, and sometimes not at all 


Causes which influence electric Conductibility. 


The conducting property of bodies appears to depend es- 
sentially on their chemical nature ; thus we see ail the metals 
are good conductors; all hydrogenated substances are bad 
conductors. However, in many cases the physical constitution 
also exercises an influence upon conductibility ; ice does not 
conduct, while water does conduct ; tallow and wax become 
conductors only when they are melted ; it is the same with 
several salts. Glass is a good conductor when it is heated 
to redness. M. Matteucci has moreover lately remarked that 
sulphur and gum-lac lose a portion of their msulating power 
by an elevation of temperature incapable of changing their 
cohesion, Diamond is a perfect insulator, whilst mineral 
carbon is a good conductor, if it has been strongly heated. 
Carbon in general conducts better or worse, according to the 
manner in which it has been prepared, and according as it has 
been more or less baked. Air and gases are less insulating, 
as they are more rarified, which is the same as saying that 
vacuum is x good conductor of electricity. We shall have 
occasion hereafter to examine into the important question of 
the conductibility of vacuum. 

* Finally, there is one circumstance, independent of the 

chemical nature and the physical constitution of bodies, which 

renders them better or worse conductors ; it is their degree 

of affinity for the humidity of the air. We have already seen 

that moist air and gases cease to be insulators, Glass, which 
B3 
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is of itself a good insulator, easily becomes a conductor as 
soon as it is exposed to humidity ; it attracts to its surface 
the aqueous vapours of the atmosphere ; they form there a 
thin film of water, by which the electricity passes away. 
Thus, in order that glass rods shall well insulate the elec- 
tricity accumulated upon the conductors to which they serve 
as supports, care is taken to cover them with a thin coat of 
varnish, made with gum-lac dissolved in alcohol, a coating 
which protects the surface of the glass against the deposition 
of moisture, and which at the same time itself insulates very 
well. 

It is probably to the hygrometric property of glass that we 
must attribute the conducting faculty which it acquires on 
being drawn out into thin filaments ; because it presents more 
surface to the moist air. 


Means of determining the Conducting Faculty. 


It is difficult to determine the differences of conductibility 
between bodies when these differences are slight; for this 
purpose delicate methods must be employed, of which we 
shall speak hereafter. But, when the question is to deter- 
mine whether a body must in general rank in the class of 
insulating bodies or in that of conducting bodies, the method 
is easy. Let us take, for example, a silk thread and a metal 
wire ; we select them of the same length, and of the same 
diameter, and fix at one of the extremities of each of them a 

conducting ball, a metal one for ex- 

ample ; we then suspend them verti- 

cally by their other extremity to the 

two ends of a horizontal metal rod 

supported itself by an insulating glass 

rod (Fig. 2.) The different parts of 

the surface of a piece of glass or elec- 

trised wax are moved about the metal 

rod ; the electricity thus passes into 

Fig. 2. the metal, and is thence diffused into all 
the conducting substances in contact with it; it penetrates 


nn, . 


CHAP. L MANIFESTATION OF ELECTRICITY. 7 


into the fine metal wire, and into the ball that is suspended to 
it, and not into the silk thread, and consequently not into the 
ball which terminates it; we may convince ourselves of this, 
by seeing that the former of the two balls attracts light 
bodies and the latter does not We can operate, in the same 
manner, upon all substances by drawing them into rods of the 
same diameter and length; each rod must carry a ball at one 
of its extremities, whilst the other extremity is fixed to the 
insulated metallic support that receives the electricity. 

The following is an approximative table of the conducting 
and insulating faculty of different bodies. This table is com- 
posed of two columns; the first contains the conducting 
bodies, placed in the order of their degree of conductibility, 
beginning by the best conductors; and the second contains 
the insulating bodies, placed in the order of their insulating 
faculty, beginning by the worst insulators. It hence follows 
that the second column may be regarded as a continuation of 
the first. 


Comducting Bodies, placed in the Order  Insulating Bodies, placed in the Inverse 


of their Conducting Power. Order of their Insulating Faculty. 
All the metals. Dry metallic oxides. 
Well-burnt earbon. Oils : the heaviest are the best. 
Plumbago. Ashes of vegetable bodies. 
Concentrated acids. Ashes of animal bodies. 
Dilute acids. Many dry transparent crystals. 
Saline solutions. Ice below 15° Fabr. 
Metallic ores. Phosphorus. 
Animal fluids. Lime, 
Sea water. Dry chalk. 
Spring water. Native carbonate of Baryts. 
Rain water, Lycopodium. 
Ice above 13° Fabr. Caoutchouc. 
Snow. Camphor. 
Living vegetables. Somesiliceous and argillaceous stones, 
Living animals. Dry marble. 
Flame. Porcelain. 
Smoke. Dry vegetable bodies. 
Vapour. Wood that has been strongly heated, 
Salts, soluble in water. Dry gases and air, 
Rarified air. Leather. 
The vapour of alcohol. Parchwent. 
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Conducting Bodies, placed in the Order  Insulating Bodies, placed in the Inverse 
of their Conducting Power. Order of their Insulating Faculty. 
The vapour of ether. Dry paper. 
Earths and moist rocks. Feathers. 
Powdered glass. Hair, wool. 
Flowers of sulphur. Dyed silk. 
White silk. 
Raw silk. 
Transparent precious stones. 
The diamond. 


Gum-lac.* 


Electricity by Communication. 


Bodies, therefore, are all capable of becoming electrical by 
friction; but they differ among themselves with regard to 
the faculty they possess of transmitting electricity ; some 
transmit it promptly and freely ; others more slowly and 
with difficulty ; others seem to be almost incapable of trans- 
mitting it. However, they are all susceptible of taking elec- 
tricity from an electrised body with which they are touched ; 
only if the touched body is an insulator, it takes electricity on 
that part of its surface alone which has been touched; whilst, 
if it is a conductor, it acquires it throughout its whole extent, 
although it has received it in only one point. This is a means 
of electrising, which is termed to electrise by communication. 

We may further remark that, if the electrised body is an 
insulator, it gives the electricity it possesses to the conducting 
body that touches it only at the points in which the contact 
takes place ; but, if it is a conductor, there occurs a division 
pf its electricity between itself and the touched body, a di- 


* Gutta Percha appears to be of known substances one of the best insulators ; 
its place, however, cannot exactly be assigned in this table. 
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vision which is subject to a very simple law, viz. that each of 
the two bodies, which we necessarily suppose insulated, takes 
a part of the total electricity proportional to its own surface, 
This law, which we shall demonstrate hereafter*, explains why 
an insulated and electrised conducting body, when put into 
communication with the ground, loses all its electricity ; the 
electricity that it possessed is really divided between itself and 
the earth, proportional to their respective surfaces; but its 
surface being infinitely small in comparison with that of the 
earth, there must, therefore, remain to it, after contact, infi- 
nitely less electricity, or none at all. 

It often happens that when we bring an electrised body 
near to a body that is not 80, the electricity of the former passes 
into the latter before there is any contact between them, 
under the form of a spark that traverses the space of air by 
which they are separated. This circumstance in no degree 
modifies the final result, which is the same as if the communi- 
cation had been made by contact, 

* This law, as we shall see further on, is not mathemati ri s but it 


tically 
s0 nearly approaches to accuracy, as to be able to be admitted, without too great 
an error, into the cases that are more frequently presented. 
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CHAP. IL. 


NATURE AND FORM OF ELECTRICITY. 


WE have hitherto, in a general manner, called all bodies 
electrised, whatever they may be, which, after having been 
rubbed or put into communication with an electrised body, 
exercise an attraction at a distance upon light bodies We 
are now about to study this kind of action more closely ; and 
we shall see that this study will lead us to recognise that 
the electricity, manifested by different substances, is not 
always identical. 

If to a film of raw silk, which is itself fixed to a glass support 
that insulation may be more perfect, we suspend a conducting 
ball of elder pith, about a quarter of an inch or a little more 

in diameter*, we shall have an apparatus 

JA which we will call a simple electroscope or 

electric pendulum. If we bring an elec- 

\ trised glass rod near to this ball, the ball 

will be attracted, will touch the glass, and 

* then, after having touched it, will be im- 

mediately repelled (Fig. 3.) The ball 

will have acquired electricity by its contact 

Fig. 8. with the glass ; it will preserve this elec- 
tricity, because it is insulated; but, if it is touched with the 
hand, it will immediately lose it, and be restored to the 
natural condition. If we have a second ball similar to the 
first, suspended at the same height, and electrised in the 
same manner, and then bring the two balls thus electrised : 
carefully together, giving them as little movement as possible, 
when arrived at a certain distance from each other, they 


* Balls of elder pith, covered with leaf gold, or very light hollow metal balls 
may also be employed. 
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repel each other, and do s0 the more strongly as we endeavour 
to bring them more closely together. If we make the same 
experiment by employing a stick of rubbed wax instead of a 
glass rod to electrise the two balls, we shall have exactly the 
same result, But, if we electrise one of the balls with the 

glass rod, and the other with the 


stick of wax, and then bring them 

together carefully, when arrived at 

a certain distance we shall see them 
è attract and then fly to each other, 

and, after having touched, recover the 

vertical position, and give no further 
Fig. 4. 


signs of electricity (Fig. 4.).° 
If one of the balls is electrised either with glass, or wax, 
and the other is not, they attract each other; and, as soon as 
they have been in contact, they repel one another; the first 
having communicated a portion of its own electricity to the 
second. 
We may conclude from the preceding experiments : — 


1. That there is attraction between an electrised body and 
a body that is not s0. 

2. That there is repulsion between two bodies electrised by 
the same source of electricity. 

3. That there is attraction between two bodies electrised, 
the one by glass, the other by wax. 


There is not, therefore, an identity between the electricity 
that glass acquires by friction, and that which wax acquires, 
since, on a body electrised in the same manner, the effect of 
the one is repulsive, and that of the other attractive; hence, 
to distinguish them, the former has been named vitreous 
electricity, and the latter resinous electricity. 

Experiment bas taught us that all bodies in nature, on 
being rubbed, acquire one or other of these electricities. 
Glass, and vitreous bodies in general, acquire the former; 


* When the balls are of pith, it sometimes happens that the contact lasts some 
moments, before the neutralisation is complete. This is because the elder pith, 
when it is dry, is not a perfect conductor ; and the electricity consequently does 
not circulate in it freely and promptly: With metal balls or pith balls, covered 
with metal leaf, the same inconvenience is not presented. 
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wax, gum-lac, the resins, the latter. Metals also acquire 
resinous electricity. However, the kind of electricity that is 
developed upon a body, does not depend solely upon the nature 
of this body, but also upon that of the substance with which 
it is rubbed. In order to understand this influence, we 
should be aware that one of the electricities is never developed 
without the other being equally s0; and that, when two 
substances are rubbed against each other, if the rubbed sub- 
stance acquires vitreous electricity, the rubbing substance . 
acquires resinous electricity and reciprocally, which may be 
proved in the following manner : — 

Instead of holding in the hand the piece of cloth that is 
employed in producing the friction, let it be wound round the 
end of a glass rod, by means of which it is to be held ; then 
another glass rod is to be rubbed with the cloth thus insulated, 
After the friction, the electrised glass is to be brought near 
the pith ball of a simple electroscope; this ball is attracted, 
then repelled, after having acquired vitreous electricity. The 
piece of insulated cloth that has served as a rubber is then to 
be brought near to it; the ball is immediately attracted, a proof 
that the cloth has acquired resinous electricity during the 
friction. If a piece of wax or gum-lac is rubbed with the 
cloth, the cloth is found to have acquired vitreous electricity ; 
the wax or the gum-lac, on the contrary, is charged with 
resinous electricity. 

In this case care must be taken that the resinous substance 
does not leave a deposit upon the cloth, which would render 
the result of the experiment doubtful. 

The electricity that a given substance acquires is not al- 
ways the same ; there is nothing absolute in regard to this; 
thus cloth acquires resinous electricity when rubbed with 
glass, and vitreous when rubbed with wax. (Glass itself may 
acquire resinous electricity if it is rubbed with a cat’s skin, 
whilst it acquires vitreous, if rubbed with cloth. Tables have 
been drawn out, in which substances are placed in such an 
order that each acquires vitreous electricity, if rubbed by 
those that follow it in the table; and resinous electricity if 
rubbed by those that precede it. 
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The following is one that is generally adopted : — 


Cat’s skin. Paper. 
Polished gluss. Silk. 
Woollen cloth. Gum-lac. 
F'eathers. Rough glass. 
Wood. 


However, these tables are never perfectly exact. We 
. shall return to this subject when we are studying friction as a 
source of electricity. We will confine ourselves to adding 
that, independently of the chemical nature, certain physical 
circumstances may influence the nature of the electricity that 
bodies acquire in their mutual friction. Thus polish and 
temperature exercise in this respect a remarkable influence. 
Polish increases the tendency of a body to acquire vitreous 
electricity ; elevation of temperature its tendency to acquire 
resinous electricity. Two pieces of the same glass, the one 
polished and the other rough, on being rubbed together 
acquire the former vitreous, the latter resinous electricity. 
Elevation of temperature not only increases the resinous 
tendency, but, in general, greatly facilitates the development 
of electricity in bodies. 


Neutralisation of the two Electricitues. 


We have seen that when two movable and insulated pith 
balls possess different electricities they attract each other ; 
they come into contact; then, after contact, they regain their 
natural state. The two electricities have disappeared, they 
have become neutralised. In order that this neutralisation 
be complete, it is necessary that the two balls have each the 
same amount of electricity, a condition that is easy enough to 
fulfil, as we shall see further on. If the electricity of one is 
stronger than that of the other, there always remains, after 
the contact, an excess of electricity, vitreous or resinous, 
according as the vitreous or resinous was in the greater 
proportion. Thus, to neutralise a certain portion of vitreous 
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electricity, we must always have an equal quantity of resinous 
electricity, and reciprocally. Consequently, one of the elec- 
tricities, the vitreous, has often been called positive, and the 
other, the resinous, negative: founding these denominations 
upon this principle, that, like as by adding +e to —e we obtain 
0, 80, in giving to a body that is possessed of a certain quan- 
tity of resinous electricity, an equal quantity of vitreous, we 
have as the result, the zero of electricity, a result which may 
be translated mathematically, only by giving the sign + to 
the quantity representing one of the electricities, and the sign 
— to the equal quantity, representing the other. This deno- 
mination is completely independent of the ideas that may be 
formed of the nature of electricity ; for it rests not upon a 
simple hypothesis but upon an experimental law. 

The neutralisation of the two contrary electricities, a con- 
sequence of their attraction, may take place according to 
different modes. It may operate at a distance, in the case 
in which neither of the two balls is sufficiently movable to 
obey the attraction that reigns between them. Two metal 
balls are placed each at the extremity of a vertical glass rod, 
one is electrised vitreously, or positively, the other resinously, 
or negatively. The two insulating supports, and conse- 
quently the two balls, are made to approach each other ; 
being retained by their supports, they cannot come together ; 
but at a distance greater or less, according to the electric 
charge that they possess, an instantaneous spark is seen to 
shine between them, accompanied by a slight snapping; and 
immediately after they may be proved to have lost their 
electricity, and to be in their natural condition. To prove 
this we have only to bring near them the ball of an electric 
pendulum, it is no longer attracted, whilst it was so before 
the spark had passed. This spark, therefore, has been the 
manifestation of the neutralisation of the two contrary elec- 
tricities, which, on quitting the bodies, where they were 
separately accumulated, were carried towards each other 
through the air by virtue of their mutual attraction —an 
attraction, which the electrised bodies themselves were not 
able to obey. This mode of neutralisation can only occur 
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when the electrised bodies are placed at an inconsiderable 
distance apart —a distance that must vary with the intensity 
of the electricity with which they are charged, and the con- 
dition of the air comprised between them. But, whatever 
may be this distance, the contrary electricities may be neu- 
tralised, on making communication between the two balls, by 
means of an insulated conductor, such as a metal branch, 
held by an insulating handle. 


Static and Dynamic State of Electricity. 


When the neutralisation is brought about either through 
the air with a spark or through a conductor, the electricity is 
said to be in the dynamic state, for the instant that this 
neutralisation lasts. Only in the case with which we have 
just been engaged this dynamic state is instantaneous ; it is 
also called the electric discharge. This denomination of dy- 
name is given to the state of movement in which the two 
electricities are supposed to be found, when they are tra- 
velling towards each other to neutralise each other, in op- 
position to the static state, or that of rest, in which these two 
electricities are found, when they are separately accumulated 
on insulated bodies. The latter state is also named electric 
tension. 

The dynamic state may be insfantaneous or continuous. It 
is instantaneous in the preceding case, in which the two 
electrised metal balls are insulated ; and consequently acquire 
no more electricity after that which they possess has once 
become neutralised. But, suppose one of the balls to be in 
communication with a constant source of positive electricity, 
and the other with an equally constant source of negative 
electricity, the two electricities being constantly renewed, in 
proportion as they are neutralised, there will be between the 
two balls a continual succession of sparks; and, if they com- 
municate by a conductor, there will be through this conductor 
an uninterrupted neutralisation or a continued reunion of the 
two electricities ; this is what is termed the continuous dynamic 
state or electric current. We then say that the conducting 
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body, which serves to establish a communication between the 
two balls, is traversed by an electric current. 

Bodies that serve for the passage of electricity, when it is 
in either the instantaneous or the continuous dynamic state, 
undergo, by the effect of this passage, certain modifications, 
some temporary, others permanent, which are extremely re- 
markable, For the present we will quote but two examples. 
If it is a very fine metal wire, and of no great length, that 
. serves to transmit the dynamic electricity, this wire is heated, 
becomes incandescent, and may even melt, if the electricities, 
whose reunion it is bringing about, have great intensity. If 
the body through which the transmission occurs is water, this 
water is in part decomposed ; and its two constituent gases, 
namely, oxygen and hydrogen, are seen to be set free. But 
this effect is manifested in a more marked degree when the 
dynamic state is continuous, namely, when the electricity is in 
the state of current; whilst the effect we have first mentioned, 
namely, that of heating, occurs equally, whether the dynamic 
state be instantaneous or continuous. 


Theories on the Nature of Electricity. 


We shall now have to study the properties possessed by 
electricity, both when we consider it in its static state, and 
when we regard it in its dynamic state. But, before passing 
to this study, it is important for us to form an idea of what 
electricity is, and of the opinions that have been formed on 
this subject. The knowledge of these theories is absolutely 
necessary for us, even were it only to make us familiar with the 
established expressions, which depend in great part upon them. 

The theory most generally admitted in the present state of 
our knowledge, consists in regarding each of the two elec- 
tricities, both the vitreous and the resinous, as excessively 
subtile and imponderable fluids, each composed of particles 
that mutually repel each other, while the particles of the one 
attract the particles of the other. These fluids are able to 
travel freely in conducting bodies ; and, as their particles tend 
mutually to repel each other, they arrange themselves on the 


sg 
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surface of these bodies, wherg they remain, because they 
meet the air which, being an in$ulating body, does not permit 
them to go further. In non-conducting bodies the two fluids 
are constrained in their movefnents, which we attribute to 
their being retained by the particles of these bodies. When 
the two fluids unite, by virtue of their mutual attraction, they 
are neutralised, and form neutral fluid or natural electricity, the 
action of which is not sensible) because the effect of the two 
contrary fluids is counterbalanded. It is admitted that every 
body contains natural electricify ; hence, to electrise a body 
is to decompose this electricityk one of the parts or one of the 
principles of which remains in excess on the rubbed body, and 
the other principle remains in excess on the rubbing body. 
This is called Symmer”’s two-fluid theory. 

Franklin's theory consists in admitting but one single im- 
ponderable electric fluid, very subtle, and all the particles of 
which mutually repel each other. Each body has a deter- 
minate capacity for this fluid. When it contains as much as 
it ought naturally to have, the body is in the natural electric 
state. To electrise a body vitreously is to give it more elec- 
tricity than it naturally contains ; it is then in the positive 
electric state: to electrise a body resinously is to deprive it 
of a portion of its natural electricity ; it is then in the negative 
electric state. We have seen that these denominations of 
positive and negative electricity, which follow from Franklin’s 
theory, may be justified by considerations altogether inde- 
pendent of every hypothetical view, and based simply on 
facts. 

We shall not here discuss the comparative merit of these 
two theories ; the latter, at least in such sort as Franklin has 
formularised it, cannot be admitted: we shall presently see 
for what reason. The former, although subject to strong 
objections, is, however, in the present state of the science, a 
very convenient and tolerably exact manner of representing 
to ourselves this agent, that we term electricity : it is under 
this point of view that we shall adopt it However, we may 
for the present say it is very probable that electricity, instead 
of consisting of one or of two special fluids sui generis, 
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is nothing more than the result of a particular modification 
in the state of bodies. This modification probably depends 
on the mutual action exercised on each other by the pon- 
derable particles of matter, and the subtle fluid that surrounds 
them on every side; a fluid that is generally designated by 
the name of ether, and the undulations of which constitute 
light and heat, 
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CHAP. III. 


OF THE ELECTRICAL MACHINE AND ELECTROBCOPES. 


IN the same manner as it was necessary that we should make 
ourselves familiar beforehand with certain theoretical notions, 
in order to pursue a detailed study of clectricity, so also it is 
important for us, at the outset, to make ourselves well acquainted 
with some of the instruments that we shall be most frequently 
called upon to employ, particularly the Electrical Machine. 


Electrical Machine. 

An electrical machine (Fig. 5.) consists of a circular glass 
plate, from xyth to 4th of an 
inch in thickness, and the dia- 
meter of which is equally 
various; it is generally about 
2 feet or 24 feet, and some- 
times 3 feet; there exists at 
London, at the Polytechnic 
Institution, an electrical ma- 
chine, the plate of which is as 
large as 7 feet 3 inches in 
diameter. The plate is tra- 
versed at its centre by a metal 
axis, fixed solidly to the glass 
by means of two ferrules : this 
axis rests upon two wooden supports, fixed vertically at the 
end of a solid table, and is so placed that the glass plate is 
situated between the two supports, and at an equal distance 
from either. A handle, fixed to the extremity of the axis 
that is situated on the outer side of the table, serves to give 
a rotatory movement to the plate. The greater portion of 
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this handle is commonly of glass, so that the electricity of the 
part of the plate nearest to the axis may not be conducted 
into the ground by the hand and body of the person who is 
working the machine; which might occur, were it not for 
this precaution. Two pairs of horse-hair cushions, covered 
with leather, are placed, one in the upper part, the other in 
the lower part of each of the two vertical supports. These 
cushions are s0 arranged that each portion of the plate is made 
to pass successively between them; first above, then below, 
by means of the rotatory movement. It is also necessary that 
the cushions be suffciently near together, and sufficiently 
elastic to exercise a strong pressure against the plate: this 
produces a friction that electrises the glass. The cushions 
are 4 or 5 inches wide, and are as long as possible, always, 
however, leaving a sufficient interval between their ex- 
tremities and the metal ferrules, by which the axis of the 
plate is fixed. 

Experience has taught us that, in order to render the 
liberation of electricity more considerable, the surface of the 
leather of the cushion must be covered with an amalgam of 
zinc or a coat of mosaic gold (deuto-sulphuret of tin). Without 
the addition of this coating, which must be often renewed, the 
electricity developed by the immediate friction of the leather 
against the glass will’ be excessively fecble.  Finally, the 
vitreous electricity that is acquired by the glass plate by the 
effect of friction is collected by cylindrical conductors, gene- 
rally of brass, which are placed horizontally on vertical glass 
stems, themselves fixed on the table, at one of the extremities 
of which the supports are placed by which the glass plate and 
the cushions are sustained. There are generally two parallel 
conductors, each supported by two glass legs, and connected 
by a metal stem, passing from one to the other: these two 
conductors are situated behind the plate, parallel to its axis 
prolonged, and at the same height as this axis; from which 
they are equidistant. Sometimes there is only one conductor, 
and it is situated also behind the plate, upon the axis pro- 
longed ; and bifurcates near the plate into two branches, equi- 
distant from its centre. Each of these branches, or each of 
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the two conductors, when there are two, carries at the ex- 
tremity that is nearest to the plate a metal arm s0 bent as tu 
envelope, without touching, the part of the surface of the 
plate situated at the height of the axis. These appendices are 
furnished in the part of their surface that is turned towards 
the glass with metal points, which approach as closely as 
possible to the plate, without, however, being in contact with 
it These points serve to draw off, from all the parts of the 
plate that are successively presented before them, the electri- 
city acquired by them in their passage between the cushions. 
An envelope of waxed silk serves to protect from dust and 
from the agitation of the air, the portion of the plate that has 
just been electrised against the cushions, until its arrival 
before the points that draw off from it its electricity. The 
latter then passes to the insulated conductors, where it is 
accumulated in a greater or less proportion, according to the 
power of the machine and the length of time it has been 
working. There is, however, a limit to this time; when the 
intensity of the electricity on each part of the conductor is 
equal to what it is on the part of the plate that has just 
undergone friction, and is not yet discharged, it is impossible 
to increase the electrical charge of this conductor, even 
although the machine continues to be worked. 

:_ În order to preserve the electricity on the conductors, they 
must not present any angular or pointed parts, except those 
by which the electricity penetrates; and they must be 
throughout of as rounded a form as possible. The supports 
also must be good insulators ; and with this view the glass 
rods are covered with a coating of gum-lac varnish. When 
the air is moist it must be dried around the conductors by 
means of chafing-dishes filled with live coals; and the in- 
sulating supports must be rubbed with warm cloths. As the 
moisture also accumulates upon the glass itself, and as this 
moisture is much opposed to the development of electricity, 
the latter must frequently be rubbed, to get rid of it, either 
with a warm cloth or, which is much better, a rag impregnated 
with ether. The dust, that flies about in a room, is often as 
hurtful as moisture to the preservation of electricity on in- 
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sulated conductors: we must protect ourselves from it as 
much as possible, and, with this view, be careful frequently 
to wipe the conductors and the insulating supports with clean 
cloths. 

In the electrical machine, as we have been describing it, 
the cushions communicate with the ground by means of the 
wooden supports, and of the table, also of wood, upon which 
these supports are placed; sometimes a metal chain is added 
to facilitate this communication : thus the negative electricity 
which they acquire by friction is lost in proportion as it is 
hberated ; if we wish to collect it, the cushions must be 
insulated by glass supports, which require a slightly different 
construction. By thus insulating the cushions, we succeed 
indeed in obtaining negative electricity, but the quantity of 
positive electricity collected upon the imsulated conductors is 
reduced to one half: this is a consequence of the laws of the 
Hberation of electricity by friction, as we shall see further on. 
ILence it is better, when we wish to have positive electricity 
alone, to make the cushions communicate with the ground by 
means of a metal chain. If we wish to have negative electri- 
city alone, we must, for the same reason, put the conductors, 
upon which the positive is liberated, in communication with 
the ground, by means of a metal chain. If we want to have 
both clectricities at the same time, we must then make neither 
the conductors nor the cushions to communicate with the 
ground. 

Formerly, in the construction of clectrical machines, glass 
mufis or cylinders were employed, instead of circular plates. 
There are still some powerful machines constructed after this 
fashion. This gives rise to a few differences, which are easy 
to be perceived, in the details of the construction. We shall 
not dwell upon them. The machine Fig. 6., the cushions of 
which are insulated, is a cylinder machine. 

An important circumstance is the quality of the glass of 
which the plate or cylinder is made. It is impossible to point 
out any rule in this respect; experiment alone can decide in 
each particular case. In general, the best glasses are those 
into the composition of which the least amount of alkali enters, 
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and the glasses with the potash basc; also tolerably ancient 
glass, especially that of Bohemia, is preferable to modern 





Fig. 6. 


glass. It is affirmed that exposure to the sun for a certain 
time, during the whole of a fine summer’s day for example, 
gives to a glass plate a great electrical power. 


Diferent Apparatus that accompany the Electrical Machine. 

The electrical machine is always accompanied by certain 
apparatus, with which we must become equally acquainted, 
on account of the frequent use that is made of them. They 
are, in particular, the quadrant electrometer, the discharging rod, 
and the insulating atool. 

The Quadrant Electrometer (Fig. 7.) consists of a metal stem, 
which is fixed vertically on a foot, or upon the conductor of 
an electrical machine ; the stem carries, in its upper part, a 
small wooden or ivory needle, terminated by a ball 
of elder pith, and movable in a vertical plane. It 
naturally acquires a vertical position, consequently 
parallel to that of the stem, with which the pith 
ball is in contact. But the electricity that is com- 
municated to the instrument obliges the ball to 
recede from, the fixed stem, and consequently 
makes the needle that carries it describe a larger 
or a smaller angle, which is measured upon a cir- 
cular division. 
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The Discharging Rod (Fig. 8.) is a metal conductor com- 
posed of two similar stems, united by 
a joint, which permits of their being 
separated to various distances, and 
each terminated by a ball; one, or 
more frequently two glass handles 
permit the experimenter to hold the 
metal stems with his hands, 50 as to 
use them for passing the electricity 
from one body to another, which, but Fig. 8. 
for this contrivance, would escape into the ground. 

The Znsulating Stool (Fig. 9.) is a wooden table, varying in 
size, supported by glass legs : all bodies that are placed upon 
it are thus in a state of insulation. 
The feet are commonly of sufficient 
strength to support the weight of a 
man. If the latter, when placed 
upon an insulating stool, touches 
with his hand the conductor of an 
electrical machine in action, sparks 
may be drawn from all parts of his body, similar to those 
that could be drawn from the conductor itself. 


Fig. 9. 


Some Experiments with the Electrical Machine. 

Among the numerous experiments that may be made with 
the electrical machine, we shall confine ourselves, for the 
present, to mentioning the following : — 

If the hand is brought near to the conductor of the machine, 
a vivid and instantaneous light is manifested between the 
conductor and the hand, which is accompanied with a certain 
degree of painful sensation. It is the electric spark which we 
have already seen to be produced in the neutralization of the 
two electricities, and which here shows itself, when one alone 
of the two electricities, no matter which, is escaping from 
a conductor upon which it is accumulated, to pass through 
the air into another conductor. 

Any conductor whatever, if substituted for the hand, pro- 
duces the same effect. 


CHAP, !X. ELECTRICAL MACHINE AND ELECTROSCOPES. 25 


We can compel the electric spark to traverse bodies of 
small conducting power, or of none at all, such as ether and 
alcohol, and it instantly inflames them. 

It also inflames combustible gases, such as hydrogen: thus, 
if we bring a candle that has just been extinguished, near to 
the electrised conductor of the machine, so that the spark 
passes from the conductor to the candle, through the smoke, 
which is nothing more than carburetted hydrogen gas, the 
candle is relighted. 

For inflaming hydrogen we often use Volta’s pistol (Fig. 10.), 
which is a small sheet iron vessel, in the interior 
of which is situated the rounded end of a metal 
rod, insulated by means of a glass tube and wax, 
and the other extremity of which appears outside 
the glass. A little hydrogen, which becomes 
mixed with the air, is placed inside the vessel;  Fiÿ- 10. 
then, by means of a cork stopper, all communication with the 
exterior air is intercepted. The electric spark is made to pass 
into the interior, by means of the insulated conducting rod. 
There arises a strong detonation, produced from the combi- 
nation of the hydrogen with the oxygen of the air, and the 
cork is projected afar. 

The employment of the electrical machine and of the insu- 
lating stool, enables us to demonstrate in an elegant manner 
the differences of conductibility of divers substances. A 
person places himself upon the stool; he takes successively 
into one of his hands rods of glass, of wood, of metal, with 
which he touches the conductor of a machine, the plate of 
which is made to revolve; he brings the other hand to a 
conductor communicating with the ground. According to 
the insulating or conducting property of the rod, there is or 
there is not a spark, and according to its degree of conducti- 
bility, there is a longer or a shorter spark. We may even 
show the presence of the spark by employing it, although it 
comes out from the hand, to set fire to an inflammable sub- 
stance, such as ether or hydrogen gas. In the same manner 
is demonstrated the insulating or conducting property of 
threads of various substances, such as caoutchouc, gutta 
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percha, dry or moist silk, &c., by making them communicate 
by one of their extremities with the conductor of the machine, 
and holding them with one hand by the other extremity. 


ÆElectroscopes. 


Electroscopes or electrometers are apparatus designed for 
detecting the presence of electricity, for indicating its nature, 
and for measuring, if possible, its intensity. We have already 
spoken of simple clectroscopes, and of the quadrant electrometer. 
The others are in general founded upon the principle that two 
very light bodies, when freely suspended, and very near to each 
other, are mutually repulsive, when they are charged with the 
same electricity ; and this to a distance greater in proportion 
as the electricity is stronger. The most simple is formed of 
a glass rod, fixed vertically on a foot, and surmounted by a 
small horizontal metal cross-piece, terminated at the one end 
by a knob, and at the other by a hook, to 
which is suspended a linen thread, whose 
two ends are stretched vertically by two 
balls of elder pith fixed at each of the two 
extremities (#ig. 11.) The metal cross- 
piece is to be touched with the electrised 
body, and the electricity is inunediately 
communicated through the linen thread, 
which is a conductor, to the two balls, 
which recede from each other. To know 
the nature of the electricity, we touch the metal cross-piece, 
whilst the electroscope is charged, with a stick of electrised 
wax: we thus give to the instrument negative electricity. If 
the two balls approach, we conclude that the electricity with 
which the instrument was charged was positive; if they 
separate further, we conclude that it was negative. 

To render the instrument more sensitive and more açcurate, 
the two light bodies are inclosed in a bell-glass, whence there 
arises a metal rod that sustains them, and which is to be 
touched with the electrised substance. The light bodies 
themselves are then either the two pith balls (Fig. 12.), or 
two blades of straw, as in Volta’s clectrometer (Fig. 13.), 


Fig. 11. 
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or two gold leaves beaten very thin, as in Bennet’s electro- 
meter (Fig. 14.); in this latter two small metal stems, 





Fig. 12. Fig. 13. Fig. 4. 


each terminated by a knob, are placed vertically on the foot 

of the imstrument, on each side of the gold leaves, so that, 

when the latter diverge too strongly, they come in contact 

with the stems, which are in communication with the carth, 

and are thus discharged. We thus avoid the tearings re- 

sulting from the adhesion to the sides of the bell-glass, to 

which the gold leaves would be subject by the effect of too 

strong a charge of electricity. Finally; in all electroscopes 

a circular division enables us to measure the angular separa- 

tion of the two light bodies, the pith balls, the blades of straw, 

or the gold leaves. The metal stem, in the gold leaf electro- 

meter, carries, at its lower extremity, which penetrates into 

the upper part of the bell-glass, pincers, by means of which 

the gold leaves are fixed ; and its upper extremity, which is 

vutside the bell, is terminated by a disc or a knob. In order 

that the electricity which is given to the knob may not be 

lost, and may pass onward and affect the gold 

leaves, care is taken to place the metal rod 

itself in a glass tube, which covers it entirely, 

except at its two extremities: this tube penc- 

trates into the bell through a metal ferrule, to 

which it is cemented by means of an insulating 

material, such as wax or gum-lac. The ferrule 

is also fixed by means of wax to the tubular hole 

of the bell (Fig. 15.). ve 
It is very important that the air be very dry, both in the 
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interior of the bell and on its exterior surface, so that the 
electricity may not be dissipated by contact with moist air. 
With this view, the electroscope itself is frequently placed all 
entire in a glass cage, filled with chloride of calcium or quick 
lime, which well dries the air ; care being taken to let no part 
be outside the cage, except the knob or metal disc, by which 
the electricity is made to reach the gold leaves. 

With sensible electroscopes, such, in particular, as the gold 
leaf, it is not always necessary to touch with the electrised 
substance the exterior part of the metal rod which carries the 
light bodies, in order to pass into the latter the electricity that 
we wish to collect. It is sufficient to bring the substance 
near the rod; and, by an effect which we shall soon study, 
the gold leaves, while under this influence, are found to 
possess an electricity similar to that possessed by the substance 
itself. In like manner, if the electroscope is electrised, it is 
sufficient to bring near to it, without contact being necessary, 
a body whose electricity is known, in order to judge, from the 
greater or more feeble divergence of the two light bodies, 
what the nature is of the electricity with which they are 
charged. 

Although the degree of divergence of gold leaves, and in 
general of all other light bodies, is in relation with the in- 
tensity of the electricity that animates them, this intensity is 
far from being exactly proportional to the number of the 
degrees of separation. Thus, to speak truly, the instruments 
that we have been describing deserve rather the name of 
electroscopes than that of electrometers, which latter name must 
be reserved to apparatus, such as Coulomb’s balance, of which 
we shall speak in the following Part, and which give in- 
dications proportional to the intensity of the electricity with 


.which they are charged. 
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CHAP. IV. 


OF THE VOLTAIC PILE AND VOLTAMETERS. 


Volta’s Column Pile. 


THE voltaic pile, like the electrical machine, is an apparatus 
in constant requisition in the study of electricity ; but it is 
based upon another mode of developing the electric fluids. 
Friction is, indeed, not the only mode of producing this 
development: there exist others; in particular, elevation of 
temperature, and, also, the chemical action of one body upon 
another. The simple contact of two heterogeneous substances, 
such as that of two different metals, is also, according to some 
philosophers, a source of electricity. It is not the place here 
to study the different modes of producing electricity ; this 
subject will be treated of in the Fifth Part. 

We must here confine ourselves to saying that the Voltaic 
Pile is an apparatus in which electricity is developed, accord- 
ing to some by the contact of two metals of a different nature, 
and according to others by the chemical action of the liquids, 
with which it is charged, upon one of the two metals that 
enter into its formation. It presents, in fact, these two 
circumstances umted: we shall see, in the sequel, what part 
must be attributed to each. This is of little consequence to 
us at present, since we are only concerned in the description 
of the apparatus. We may further add that the pile devised 
by Volta owed its origin to the 
interpretation which this cele- 
brated philosopher gave to a re- 
markable experiment made by 
Galvani, namely, that a frog un- 
dergoes a violent commotion when 
one of its nerves, being exposed, is 
touched with one metal, and its 
muscles with another metal, the 
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two metals being themselves in close contact, in one or more 
points of thoir surface (Fig. 16.). This effect, which is due 
to a Liberation of electricity, has caused the electricity thus 
liberated to be called gavanic, and the part of physical science 
concerned in it to be called galvanism; but the name of 
voltaic must remain to the pile, since it truly originates with 
Volta. 

The first form that was given by Volta to the pile is that of 
a vertical column, formed of discs of copper and zinc, from 
14 to 2} inches in diameter, arranged as follows 
(Fig. 17.) The base of the column is a copper 
disc, upon which is placed a zinc disc; the com- 
bination of these two superposed dises forms a 
pair ; over this first pair a second similar pair is 
placed, care being taken that the copper is always 
below the zinc: the second pair is separated 
from the first by a cireular piece of cloth or 
pasteboard, well moistened with water, or, which 
is better, with salt water or acid water. Upon the 
second pair is placed a third, arranged in the 
same manner, and separated also by a moistened 
circular piece, similar to that which preceded. In this manner 
a greater or less number of pairs are superposed one over the 
other, care being taken to retain them in their position by 
means of vertical rods of glass ; if the precaution has been” 
taken to insulate the pile by resting its base upon a plate of 
glass, it is found to be charged with negative electricity at 
its lower extremity, where it is terminated by the copper disc, 
and with positive clectricity at its upper extremity, where it 
terminates by the disc of zinc. These extremities are termed 
poles ; the former the negative, and the latter the positive pole 
of the pile. Had the two metals been placed in another order, 
namely, had we commenced with the zinc, and placed upon 
it the copper disc, then the moistened cloth, and then again 
zinc, copper, and moist cloth, and 80 on, the positive pole 
would have been below and the negative above. Two wires 
lead one from the extreme copper and the other from the 
extreme zinc, each communicating the electricity of the pole 





Fig. 17. 
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whence it originates ; and when they are brought together, a 
spark passes between them, resulting from the neutralization 
of the two contrary electricities. If these wires are held one 
in each hand, when the number of pairs in the pile is suff- 
ciently great, a series of shocks are felt, the sensation of which 
is sometimes very painful. When, instead of the human body, 
a very fine wire of iron, platinum, or any other metal, an inch 
or two in length, is employed to connect the two conductors, 
the neutralization of the two electricities is brought about 
through this wire, which rises in temperature and becomes 
incandescent. The length and diameter of wire that can be 
heated are greater in proportion as the pile is more powerful. 
The most remarkable circumstance is, that the incandescent 
condition of the wire is permanent, because the neutralization 
of the two electricities is continued, the pile liberating them 
at each of its poles, in proportion and as rapidly as they are 
neutralized. 

The two wires, that come from the poles, may also be 
plunged into water, which has been rendered saline or acidu- 
lated to make it a better conductor. In this case the sub- 
merged part of the two wires must be either of gold or of 
platinum. It will immediately be perceived that, through the 
continued neutralization of the two electricities which takes 
place by means of the water, the latter is decomposed, and its 
two constituent gases are liberated, the one, oxygen, around 
the wire that communicates with the positive pole; the other, 
hydrogen, around the wire, that communicates with the nega- 
tive pole; the two gases are constantly in the 
same proportions that constitute water, namely, 
one volume of oxygen to two of hydrogen. In 
order to collect them, the precaution is taken of 
placing above each of the wires, which penetrate 
interiorly into the vessel containing the water, 
and to which they are well cemented, a tube, 
closed above and containing the same liquid as 
the vessel itself; and which is driven out by the 
gas in proportion as it ascends (F1. 18.). 

The phenomena, that we have been describing, are merely 





Fig. 18. 
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examples of the varied and numerous effects that are produced 
by the voltaic pile, or, rather, that arise from the continuous 
reunion of the two electricities ; for the pile is in this case only 
a convenient and powerful means of obtaining this continuous 
reunion, but it is not the only means. These examples will 
suffice for the present; for they will already have enabled us 
to discover, in the effects of the pile, the means of measuring 
its power, and of constructing apparatus which have been 
termed Galvanometers, or, better still, Voltameters. 


Instruments intended for measuring the Power of the Voltaic 
Pile, or Voltameters. 


The first Voltameter, founded upon the calorific effects of 
the pile, was contrived by M. Gaspard de la Rive; it consists 
of a fine platinum wire, stretched vertically, the two ex- 
tremities of which terminate at pieces 
of metal, separated from each other by 
a sufficiently insulating body, such as 
ivory or ebony (Fig. 19.) The wire, 
at its lower extremity, is secured to a 
necdle, movable in a vertical plane 
round one of its extremities, while the 
other extremity traverses the divisions 
of a graduated circle. The point, 
where the wire and needle are united, 
is very near its centre of rotation; 
whence it follows that very small Fig. 19. 
variations in the length of the platinum wire make the needle 
traverse comparatively large arcs on the scale. The con- 
ductors from the poles of the pile are put into communication 
by means of metal pincers, one with the lower and the other with 
the upper part of the wire. The latter becomes more or less 
heated in proportion to the power of the pile, and its dilation 
is appreciated by the number of degrees traversed by the 
needle on the scale. Platinum wires of different sizes may be 
adjusted to the instrument to render it more or less sensible: 
the choice of these wires depends upon the force of the 
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apparatus, whose power is by these means to be appreciated. 
Ît is easy to determine the expansion that the wire has 
undergone, and consequently the approximate temperature to 
which it has been exposed, by means of the sines of the arcs 
that have been traversed, and by knowing the absolute length 
of the wire. 

A still more sensible voltameter, founded also on the same 
principle, is that in which the platinum wire, that is to serve 
as the channel for the continuous reunion of 
the two electricities, traverses the ball of an 
air thermoscope, in such a manner that its 
two extremities come outside, and thus may 
each be placed in communication with one of 
the poles of the pile (Fig. 20.) The wire 
must be hermetically sealed to the glass at 
the two points where it traverses the ball. 
Às soon as it is heated it expands the air 
contained in the ball,— an effect which is im- 
mediately made manifest by the rise of the 
thermoscopic liquid. There are often in the 
same ball two different and independent wires, 

Fig. 20. the one finer than the other; s0 that, ac- 
cording to the force of the electricity, an apparatus of greater 
or less sensibility may be employed. 

Another, which is no less sensible, and whose indications are 
more comparable, is a volta- 
meter that I described even be- 
fore the preceding one had been 
contrived. It consists in using 
the helix of a Breguet’s metallic 
thermometer, instead of a plati- 
num wire, to appreciate, by the 
calorific effects, the energy of the 
dynamic electricity (Fig. 21.). 
Breguet’s helix is composed of 
three superposed metallic plates, 
so narrow and so thin that the slightest change of tem- 
perature makes it twist and untwist by means of the unequal 
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dilatability of the three metals, plutinum, gold, and silver, of 
which it. is formed. The helix is fixed by its upper extremity 
to a metal support, which is placed in communication with one 
of the poles of the pile. To its lower extremity, which is 
free, is soldered a small vertical platinum wire, that is lightly 
plunged into a capsule filled with mercury, into which the 
other pole enters by means of a wire. This same free ex- 
tremity carries the horizontal needle, which, by the number of 
degrees it traverses on a circular division, indicates the ele- 
vation of temperature that the helix has undergone. 

These are the three principal forms that have been given to 
calorific galvanometers, or rather voltameters, which, as their 
name indicates, are founded on the effects of the heat to which 
the electricity produced by the pile may give rise. 

Voltameters that are founded upon the chemical effects, 
have for their basis the exact measure of the quantity of gas 
liberated during a given time (one minute, for example) 
in the decomposition of water; or, which is still better, 
the appreciation of the time necessary to liberate a given 
quantity of gas. It is hence necessary that these gases be 
collected with care, no portion being allowed to escape, and 
their volume being accurately estimated, taking into the 
account the atmospheric pressure and temperature. This is 
not all: the quantity of gas liberated in a given time, in the 
decomposition of water, depends not only upon the force of 
the pile employed, but also on the degree of purity of the 
water subjected to experiment, and on the nature and size 
of the wires that are immersed init, in order to place it in 
communication with the poles of the apparatus, and also on 
the distance which separates these wires or plates ; so that, 
in order that experiments may be comparable, it is neces- 
sary to employ throughout the same apparatus or apparatus 
perfectly similar. With regard to the water, distilled water 
is selected, to which has been added a certain portion of 
very pure sulphuric acid, in order to render it sufficiently 
conductible ; —about ;'yth in volume, or th in weight, is 
employed. By means of an areometer it is easy to have 
water always acidulated to the same degree. The metal 
employed is always platinum, either in wires or in plates. 
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These wires are placed vertically in a glass, and near to each 
other; their lower extremity comes out at the bottom of the 
vessel, 80 that a communication may be esta- 
blished between them and the poles of the pile. 
The gases are collected, either in two tubes 
(Fig. 18.), or in a single one placed equally 





Fig. 28. 





over both wires (Fig. 22.). The tubes must be carefully 
graduated. The gases are also collected 
in graduated test tubes, placed on the 
pneumatic trough, and beneath the vol- 
tameter (Fig. 23.) When, on the con- 
trary, the liberation of gas is very feeble, 
the gases are measured by the displace- 
ment they produce upon the liquid. With 
this view, there comes from the lower 
part of the vessel, wherein the decompo- 
sition is carried on, a lateral tube in which 
the liquid that is driven out by the gas 
ascends, and is itself lodged in the upper 
part, which is hermeticall y sealed (Fig. 24.). 
With this apparatus it is necessary to 
take into account the influence which the 
pressure, exercised by the column of liquid 
raised in the lateral tube, may have upon 
the volume of the gas. 
All these voltameters, both the chemical 
Fig. 24. and the calorific, are far from being perfect 
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instruments : for there is nothing to prove that their indications 
are exactly proportional to the intensity of the cause which 
they are intended to measure; and, morcover, these indica- 
tions themselves are often variable by reason of circumstances 
of various kinds, which we shall be called upon to study and 
to appreciate hcreafter. 

We may add, that there is one galvanometer, the most 
perfect of all, which we have not mentioned, because we shall 
have occasion to devote ourselves to it in a very special 
manner in the Third Part of this work: it is the one founded 
upon the property possessed by every conductor that is tra- 
versed by an electric current, — to deflect a magnetic needle 
from its natural direction of North and South, when it is 
placed parallel, either above or below the needle. This in- 
strument has received the name of magnetic galvanometer or 
multiplier. 


Diferent Forms given to the Voltaic Pile. 


The form of a column, which Volta gave to his apparatus, 
was soon abandoned ; it had many inconveniences, without 
reckoning the very long time that must needs be devoted to 
putting the apparatus together, whencver it was required to be 
used. The principal inconvenience was the rapid drying up 
of the pieces of moistened cloth or pasteboard, whence arose a 
great diminution in the power of the pile. 

To remedy this, it was proposed to substitute for these 
discs a bed of liquid, which necessarily required that what 
was a vertical pile must be rendered horizontal, and that each 
par should then be composed, not of two circular discs, but 
of two rectangular plates in contact, and should be cemented 
one after the other in the grooves 
of a wooden trough, 50 as to leave 
between them vacant spaces or 
cells, to be filled with liquid (Fig. 
25.). Itis essential that caution be 
taken that the plates are carefully 
cemented against the sides of the trough, that there may be 
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no communication between the liquid of one cell and that of 
the following. This mode of construction, which was first 
pointed out by Cruikshanks, was adopted in establishing the 
great voltaic pile that was given to the Polytechnic School 
by the Emperor Napoleon, and with which MM. Gay Lussac 
and Thénard made their experiments in 1808. 

This form possessed, however, several of the inconveniences 
of the primitive form, especially that of requiring a long time 
to fit up the apparatus; and of allowing a communication 
between the liquid of the cells, when the plates were not 
well cemented, which notably diminished the electrical effects. 
À return was then made to a form that Volta had previously 
pointed out, in constructing his pile called Couronne de Tasses, 
— a pile in which the liquids are placed in vessels independent 
of the metal plates, and the sides of which, of glass, porcelain, 
or pipe-clay, allow them to be placed one after the other, and 
even in contact, without there arising any communication 
between the liquid strata contained in them. With this view, 
either a series of ordinary cylindrical glasses are employed, as 
in the couronne de tasses pile, or a porcelain trough, divided 
off, by partitions made with the trough, into a certain number 
of cells (generally ten), in equal and successive compartments 
of a rectangular form, into each of which the liquid is poured, 
care being taken not to fill them completely. The liquids are 
thus totally insulated from each other. With regard to the 
metal plates, as it was very quickly perceived that it was not 
necessary for the zinc and copper to be in contact throughout 
their surface, but that it sufficed them to be so in certain 
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points only, this enabled us to plunge into the liquid of each 
compartment a zinc and a copper plate, and to make a com- 
munication by means of a small plate of copper in the form of 
an arc, between the zinc of one compartment and the copper 
of the following one, and so on. This is done in the couronne 
de tasses (Fig. 26.). By this method the liquid stratum, as in 
the primitive pile, occurs between the zinc, on the one hand, 
and the copper on the other; and the zinc and copper that 
are plunged in the same liquid are never in metallic contact, 
which is as it oughtto be. But, 
to facilitate operations, care is 
taken in the trough piles (Fig. 
27.) to fix the pairs, which are 
the same in number as the com- 
partments of the trough (eight, 
for example), to a rod of glass 
or varnished wood: they are 
ill held there by means of the copper 
Fig. 27. arc, which forms the means of 
communication between the metals of the pair. The metal 
plates must be arranged one after the other in the proper 
order, and at such distances that, by holding in the hands the 
two ends of the rod to which they are fixed, they may be 
plunged all together into their respective troughs, and so that 
each occupies the place prescribed for it; namely, that there 
shall be found in the same liquid only the zinc of the preceding 
couple, and the copper of the following one, or reciprocall y. 
In the pile we have been describing, each trough contains 
ten compartments, and consequently ten pairs; but several of 
these troughs may be placed one after the other, care being 
taken that the zinc of the pair whose copper is plunged in the 
last compartment of one trough shall itself be placed in the 
first compartment of the following trough, and so on. The 
Royal Institution of London, the laboratory of which has been 
the scene of the brilliant labours of Davy and Faraday, 
possessed a pile constructed according to the method we have 
just described, and composed of 2000 pairs. It was with this 
pile that Davy made his splendid experiments, and especially 
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the one of the luminous arc, that escapes between two charcoal 
points placed very near together, and each communicating 
with one of the pales of the pile. 

Wollaston found that the effect of this pile was augmented 
if a greater surface was given to the copper than to the zinc; 
a modification that is easily introduced, without making any 
change in the form of the apparatus or in the size of the cells, 
by enveloping the zinc plate of each pair with the copper plate 
of the preceding one, at the same time taking great care to 
avoid all metallic contact between these two plates (Fig. 28.). 





Fig. 28. 


In this manner the copper plate has a surface double that of 
the zinc plate. Berzelius suggested making use of the copper 
itself, by which the zinc is enveloped, without being touched, 
as a cell or vessel for containing the liquid (Fig. 29.) "This 





Fig. 29. 


arrangement possessed great advantages in increasing the 
power of the pile; but, in manipulation, it presented many 
inconveniences, which prevented its being generally adopted. 
Two forms of the pile, that have been long in use, are those 
D4 
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Fig. 30. 


of the helix (Fig. 30.) and the concentric cylinder (Fig. 31.). 
The former was employed by Dr. Hare; the latter by M. 
Pouillet, in the construction of the great pile of the Faculty of 
Sciences at Paris. The zinc and copper, when wound into a 
helix or arranged in concentric cylinders, are plunged into a 
glass vessel, and must have no contact one with the other; but 
the helix or cylinders of zinc of the one vessel are in metallic 
communication with the helix or cylinders of copper of the 
following one, and s0 on. By this arrangement a great surface 
may be given to the two metals of each pair, without there 
being the necessity of having very large troughs. The employ- 
ment of cylindrical vessels possesses a further advantage, on 
account of the facility with which they may be procured. 

With regard to the liquid conductor, experiment bad shown 
that the best onc to be employed in charging the pile we have 
described above was a mixture of water with 44th in volume 
of sulphuric acid, and gith of nitric acid. 


Daniels, Grove's, and Bunsen’s Constant Piles. 


The piles that we have been describing, and which were 
for a long time exclusively used, all possess one inconvenience, 
which is, that after a short time they lose their power; and, 
in general, their force is very variable during the progress of 
the same experiment, even when the duration does not exceed 
ten or fiftcen minutes. This gradual, and, in the majority of 
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cases, rapid, diminution is due to several causes, the principal 
of which is that the liquid, placed between the pairs, is 
decomposed when the poles of the piles are connected by a 
conductor, in the same manner as the liquid is decomposed 
that is interposed between the poles themselves; it hence 
results that the copper of each pair is covered with hydrogen, 
and even with oxide of zinc, arising from the decomposition of 
the water, and from that of the sulphate of zinc, which is 
constantiy formed from the action of the sulphuric acid upon 
the zinc. This deposit, by altering the surface of the copper, 
and rendering it almost similar to that of the zinc, which latter, 
on its own part, is very rapidly oxidized, destroys in great 
part one of the conditions essential in the construction of a 
pile, the heterogeneity of the two metals ; and, consequently, 
very notably reduces its power. Hence it was necessary to 
clean the plates of a pile every time it was used, before putting 
it into action again. 

In 1836, Daniell, in order to avoid the inconvenience that 
we have just pointed out, conceived the idea of plunging the 
copper of each pair into a different liquid from that in which 
the zinc was plunged : he placed the former of these metals 
in a solution of sulphate of copper, and the latter into a 
diluted solution of water and sulphuric acid, or into a solution 
of sea-salt. The difficulty was to separate these two liquids 
by a substance which, while preventing the mixture, should 
not alter the conductibility of the heterogeneous liquid con- 
ductor interposed between the plates of the pairs. A metal 
diaphragm could not be thought of, for this would have 
violated one of the fundamental conditions of the construction 
of the pile, which requires that there should be a conductor 
totally moist between the pairs. Daniell had recourse to an 
organic substance, according to the method which Becquérel 
had first pointed out; and he made some diaphragms with 
bladder, with stout paper, with very thin wood, or with very 
closely woven linen cloth. Experience has given the pre- 
ference to diaphragms of thin wood, lime-tree wood, for ex- 
ample, as well as to those of bladder, only care must be taken 
to preserve them from flaws, or in general from all solution 
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of continuity. With this in view, it is necessary to keep the 
wooden diaphragms constantly in water when they are not in 
use, and to place those made of bladder under protection from 
the attacks of insects, and from the contact of every foreign 
body. The difficulty experienced in taking these precautions 
has induced several philosophers to adopt, as indeed Daniell 
himself did, diaphragms of unglazed porous earth; but the 
pile loses much of its power, especially for calorific and che- 
mical effects.  Daniell gave the cylindrical form to the pairs 
of his pile, on account of the greater facility there is of pro- 
curing diaphragms of this form. In his pile (Fig. 32.) a hollow 





Fig. 82. 


copper cylinder is plunged into a glass vessel filled with a 
solution of sulphate of copper; in the interior of the cylinder 
is placed either a bag made of bladder, or a wooden tube, or 
a hollow cylinder of porous earth, which is filled with either 
acidulated or saline water; finally, in this water is plunged 
a zinc cylinder, which is in metallic communication with the 
copper of the succeeding pairs by means of a little cup filled 
with mercury, into which dip two pieces of copper, attached 
the one to the zinc, the other to the copper. The zinc 
cylinder may be solid or hollow: in the latter case it is 
simply a shect of zinc rolled into a cylindrical form. This 
latter mode is prefcrable, because the zinc is found to have 
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more points of contact with the liquid; but it is consumed 
more rapidly. 

Another great amelioration introduced into Daniell’s pile, 
as well as into those of which we shall speak hereafter, consists 
in amalgamating the zinc, that is, in covering it with a coat of 
mercury, which is easily done by pouring mercury upon the 
zinc, and, at the same time, sulphuric acid diluted with about 
twenty times its volume of water, in order that the surface of 
the zinc may be well oxidized, and sufficiently clean that 
the mercury may adhere to it The advantage of this 
operation, which was suggested by an English philosopher, 
Mr. Kemp, is, that, without in any way changing the effect of 
the zinc in the production of electricity by the pile, it is 
prevented being attacked; and it consequently does not dissolve 
in pure loss in the acidulated water when the pile is not in 
action ; that is to say, when its poles are not united by a 
conductor. But as soon as this union takes place, the zinc 
is attacked, notwithstanding the mercury with which it is 
covered; only the oxide that is formed does not remain 
adhering to the surface, which always continues brilliant and 
metallic: a circumstance in other respects eminently ad- 
vantageous, for the film of oxide that covers the zinc plates 
when they are not amalgamated contributes notably to the 
weakening of the pile. With regard to the copper, as it is 
planged in sulphate of copper, it becomes covered with 
metallic copper by the decomposition of the sulphate whilst 
the pile is in action : its surface is therefore not altered. 

It may be conceived that the power of Daniell’s pile is 
constant, at least for a moderate length of time ; but it must 
follow that, at the end of an hour or two, the solutions are ex- 
hausted, and they must be renewed : they also finish by mixing 
one with the other, and more or less rapidly, according to the 
nature of the diaphragm. It is then necessary, not only to 
change them entirely, but to wash the diaphragms carefully 
and to clean the surfaces of the metals. It is preferable not to 
wait for this mixing to take place before taking the pile to 
pieces and renewing the liquids. 

À second constant pile, and one in which two different 
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liquids are also employed, is that of Grove. In this pile the 
zinc is amalgamated, as in the preceding one, and is plunged 
into sulphuric acid diluted with 10 or 20 times its volume of 
water. The other metal is platinum and not copper, and is 
plunged into nitric acid, either pure of 40° or diluted with 
half its volume of water, or mixed with one fourth concentrated 
sulphuric acid. The diaphragm by which the two liquids 
are separated is not in this case of an organic nature; for it 
would be immediately destroyed by the action of the nitric 
acid: it is of unglazed porcelain or pipe-clay: in this state 
these substances have the advantage of being sufficiently 
porous to permit communication between the liquids, at the 
same time of entirely preventing their mixture. 

In Grove’s pile (Fig. 33.) the pairs are not generally of a 
cylindrical form, although some have been constructed of this 
form: they are plates of zinc and 
platinum plunged into cells of glazed 
porcelain or glass. Each cell contains 
dilute sulphuric acid, in which the 
zinc is immersed, and a small cell of 
porous earth filled within with nitric 
acid. In this acid is placed the pla- 
tinum plate in metallic contact with 
the zinc of the succeeding or following 
cell. This contact is established between 
the two edges of the zinc and platinum 

— plates, which are carefally cleaned, by 
Fe. means of pincers either of metal or 
simply of wood. Experiment has shown that the power of 
these piles is much increased by giving to the zinc plates a 
very large surface in respect to the platinum plates. With 
this view they are bent so that they form in each cell two 
vertical and parallel surfaces united by a lower and horizontal 
surface which is much smaller: the porous trough that 
contains the nitric acid and the platinum plate is placed in 
the interval that is left between the two parallel surfaces. 

When Groves pile is in action — that is, when its poles are 
united, — the hydrogen, arising from the decomposition of the 
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acidulated water in which the metals of the pairs are plunged, 
is not developed upon the platinum, but changes the nitric 
acid into nitrous acid: the oxide of zinc remains, as before, 
in the liquid, where the zinc itself is, and does not penetrate 
through the porous partition to the platinum. The latter 
then retains a perfectly clean surface; and it is this circum- 
stance which contributes essentially to this piles maintaining 
for a greater or less length of time, according to the use that 
is made of it, that power which is at once so constant and 
so energetic, and which renders it so valuable in practice. 
The nitric acid, however, as it changes into nitrous acid by the 
action of the hydrogen, passes into reddish brown, and then 
into green, and finishes by acquiring a temperature so elevated 
that it enters into ebullition : in this case it is necessary imme- 
diately to arrest the action of the pile. 

Bunsen's pile differs from Grove’s only in that carbon sup- 
plies the place of platinum. This substitution arose cssentially 
from the high price of platinum, which, on this account, is 
used in sheets s0 thin that they are frequently torn. Bunsen’s 
pile has the cylindrical form of Daniell’s; in fact, if, in the latter, 
a hollow cylinder of carbon is put in place of the hollow 
copper cylinder, and pure or diluted nitric acid in place of 
solution of sulphate of copper, and a cylinder of porous earth 
in place of the porous cylinder of organic matter in which are 
contained the diluted sulphuric acid and the cylinder of amal- 
gamated zinc, we obtain Bunsen’s pile (F9. 34.). Each carbon 
cylinder carries at its upper part a collar of copper, furnished 
with an appendix, which is placed in contact, by means of 
pincers, with a similar appendix carried by each zinc cylinder; 
care, however, must be taken that the carbon cylinder is suffi- 
ciently high, that the part which carries the copper ring shall 
rise above the glass vessel, and consequently shall in no way be 
in contact with the nitric acid. However, as the charcoal is 
very porous, the capillarity causes the acid finally to attain to 
the top of the cylinder, and to alter interiorly the copper ring. 
Therefore, every time this pile is used, it is necessary to move 
these rings and wash and carefully clean them. 

A more convenient arrangement, —inasmuch as it is free 
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Fig. 54. 


from the kind of inconvenience that we have just pointed out, — 
is that which was contrived by M. Bonijol (Fig. 35.) This 


Fig. 35. 


skilful artist employs, instead of hollow cylinders, solid cy- 
linders of carbon, in the top of which is thrust a stout copper 
rod, bent so as to be put into communication, by means of 
a cup filled with mercury, with a similar rod soldered to 
each zinc. The top of the carbon cylinder around the place 
in which the copper rod is inserted is covered with a coating 
made of wax, prepared so as to penetrate to a sufficient depth 
into the pores of the portion of the carbon which it covers and 
to which it adheres strongly. The consequence of this is, that 
the nitric acid cannot ascend as far as the copper rod. It is 
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evident that in this pile the amalgamated zinc is outside the 
carbon : it is a hollow cylinder plunged into the glass vessel 
that is filled with diluted sulphuric acid: the porous tube is 
placed in the interior of the zinc cylinder, and itself receives 
the carbon and the nitric acid into which the latter must be 
plunged. 

The preparation of the carbon is difficult when hollow 
cylinders, such as in Bunsen’s pile, are in question. For this 
purpose, it is necessary to have iron moulds, and then coke 
in fine powder, which is brought by one or two operations to 
a high temperature after having been mixed with sugar or 
molasses to cause a cohesion, that gives consistence to the 
whole. In Bonijols pile the cylinders may be prepared of 
carbon in the same manner, which is the easier, as they are 
solid. But it is a much more simple plan to procure pieces of 
well-baked coke of good quality and of sufficient dimensions. 
They are cut, as well as may be, into the form of cylinders, 
without, in truth, its being possible to give them exactly this 
form, which, however, is of little importance. 

M. Deloeil is at the present moment constructing in Paris 
piles of this kind, in which the carbon is perfectly cylindrical, 
and has been prepared according to the process mentioned. A 
very simple arrangement enables us beforehand to establish a 
contact between the carbon or zinc of each pair; and to at- 
tach the pairs themselves upon fixed frames in such a manner 
that, in order to put the pile in action, it is only necessary to 
raise a wooden table that sustains the’ vessels filled with their 
liquids, and into which the carbon and the zinc are to be 
plunged, each in that which appertains to it. 

Such are the different kinds of piles that are generally 
used, and all of which are more or less to be found in 
physical cabinets and in chemical laboratories. There are, 
however, some others that are used only in certain practical 
applications, and of which we shall speak again, when we are 
engaged in these applications. 

We will not occupy ourselves farther at present with certain 
voltaic combinations, which have a purely theoretical interest, 
and the description of which will find its place when we are 
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treating upon the theory of the pile However, we will 
mention here, as it is very generally used, Smee’s pile, the 
pairs of which consist of amalgamated zinc and plates of pla- 
tinised silver, namely, silver covered with a coating of the 
black powder of platinum, plunged into one and the same 
liquid, diluted sulphuric acid, and which, notwithstanding, 
preserve a remarkable constancy. 


Enumeration of the different Voltaic Piles, and the general 
Consideration that is common to them all. 


To sum up, the voltaic piles that we have described 
are : — 

1. Volta’s column pile, celebrated because it was the first, 
and because it represents the form under which its illustrious 
inventor realised his idea ; 

2. The wooden trough pile with fixed metal pairs, —the 
form under which was constructed the great pile given in 
1806 to the Polytechnic School by the Emperor Napoleon ; 

3. The pile, with independent cells of glass or porcelain 
and movable metal pairs, — the form under which the pile of 
2000 pairs belonging to the Royal Institution of London was 
constructed, and which was used by Davy in making the 
great discoveries that have immortalised his name ; 

4. Berzelius’s pile, with copper cells, which was of es- 
sential service in the first experiments upon electro-mag- 
netism ; 

5. Daniells constant pile, with porous organic diaphragms, 
and two liquids, sulphate of copper for the copper, and 
acidulated or salt water for the zinc, a form eminently useful 
in experiments of long duration, and in particular those in 
which the study of the chemical effects of the current is 
concerned. 

6. Grove’s constant pile, in which, as in that of Daniell, 
two liquids and a diaphragm are employed, with this dif- 
ference, that platinum supplies the place of the copper, and 
nitric acid the place of sulphate of copper; and the porous 
diaphragm is of unglazed not glazed earthenware ; — a pile, the 
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best suited of all for the production of the effects of the 
electric current, on account of its enormous powers, united 
with a constancy, which, although less than in Daniell’s pile, 
is sufficient in the majority of cases, and especially in public 
lecturing. 

7. Bunsen’s constant pile, which is only a modification of 
Grove’s by the substitution of carbon for platinum; it is 
constant for a longer time, but is less energetic in its effects 
than Grove’s. Ît is also very much used, especially in 
Germany, and it is found, as well as Daniell’s, both in the 
workshop of the artizan and in the cabinet of the savant 
and the professor. Bonijols pile and Deloeils differ from 
Bunsen’s only in the form and place given to the carbon. 

This is the place to offer a general remark, which is common 
to all piles ; and the importance of which will not escape those 
who employ these apparatus. It is to know accurately what 
determines in each of them the place of the positive pole and 
that of the negative. The employment of certain faulty de- 
nominations, joined to prejudices arising from certain theories, 
have cast upon this point, s0 simple in itself and so essential, 
an obscurity which ought not to exist, and which it is in- 
dispensable that we should dissipate. 

There enter into the construction of all the piles of which 
we have spoken (which contain one or two liquid conductors), 
two solids of a different nature, the one more oxidisable than 
the other, almost always the zinc; the other less oxidisable, 
the copper, the platinum, the carbon. These solid bodies, 
which, for greater facility in explanation, we will suppose to be 
zinc and copper, are connected together two and two, s0 as 
to form pairs, which follow each other, and are separatcd from 
each other by the one or by the to liquids. Care is always 
taken to place the two solid bodies of the pair in the same 
order, s0 that, for example, in each pair every zinc is above 
the copper, if the pile is a column, or on the right of every 
copper if the pile is horizontal The inverse order may 
equally occur; but it is necessary that the rank, whatever it 
may be, occupied by the two metals in respect of each other 
remain the same in all the pairs. It follows from this, that 
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in horizontal piles, which are the only kind now used, each 
cell contains, besides the liquid, the two solid bodies of a 
different nature, and never those of the same kind. With 
regard to the two extreme cells, one of them contains, besides 
the copper of the pair whose zinc is plunged in the preceding 
cell, a zinc to which a conductor is soldered; the other 
contains, besides the zinc of the pair whose copper is plunged 
in the cell that follows it, a copper, to which a conductor is 
also soldered. It is these two conductors that carry away 
the two electricities produced by the apparatus and accumu- 
lated at the two extremities or poles, and which are called the 
electrodes of the pile; one the positive, the other the negative 
electrode. 

In the column pile the extreme zinc is also in contact with 
.& copper, which is itself not in communication with any 
conducting liquid, and the extreme copper with a zinc that is 
in the same condition; but in the horizontal pile this copper 
and zinc are suppressed, as experience has shown them to be 
of no utility. This suppression does not, in the least, change 
the nature of the poles; 80 that whilst, in the column pile, a 
plate of copper is the negative pole and a plate of zinc the 
positive, in the horizontal piles the negative pole is found at 
the last zinc, and the positive at the last copper. From this 
circumstance some confusion has often arisen, especially when, 
instead of employing the words positive and negative, we have 
wished to designate the poles by the names of the metals, as 
the zinc pole and the copper pole. The nature of the electri- 
city that is accumulated, must not be associated with the 
nature of the substance that terminates the pile at each 
extremity ; for, as we have seen, this may lead to grave 
errors. Ît must be connected with the order according to 
which the solid substances are placed ; and we must remember 
that the positive pole is always at that extremity of the pile 
towards which the zincs of each pair are turned; the negative 
pole at that toward which all the coppers are turned; and 
this, whatever be the manner in which the pile terminates, 
whether by a plate of zinc or one of copper. If the zincs of 
each pair are turned to the left of a person who is looking at 
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the pile, and the copper consequently to the right, the positive 
pole will be at that extremity of the apparatus which is to the 
left of the observer, and the negative at that which is at his 
right. If the pile, instead of being arranged in the same right 
line, returns upon itself, and is arranged in any direction 
whatever, we have merely to see on which side the zincs are 
turned, and to remember that the positive pole is on that 
side; as also that the negative pole is on the side to which 
the coppers are turned. In this way we are sure never to 
make an error. 

Finally, it is well to know that, for dynamic effects, a pile 
composed of a single pair may be sometimes employed: thus, 
Mr. Hare’s first helix pile (Fig. 30.) consisted of but a single 
pair with large surfaces, and, as this pair was eminently fitted 
for producing the effects of the incandescence of wires, the 
author called it a Deflagrator. In the case of a single pair 
there is but one cell, into which are plunged separately the 
two solid bodies which are not in immediate contact. From 
each of them proceeds a metallic conductor; and the con- 
ducting substance placed between these two conductors is 
traversed by an electric current. If this substance is fine 
wire, it is heated, and it can be made red hot if the pair is 
sufficiently powerful ; if it is acidulated water, it is decom- 
posed ; but this latter phenomenon cannot occur unless the 
single pair is one of Grove’s or Bunsen's. In the case of 
the decomposition of water by a single pair, the hydrogen is 
seen to accumulate around the platinum wire coming from 
the zinc of the pair, and the oxygen around that proceeding 
from the platinum or the carbon. Thus the negative elec- 
tricity comes from the zinc, and the positive from the pla- 
tinum or the carbon, This equally takes place, as we shall 
presently see, in a pile of many pairs, if care be taken to 
suppress the copper in contact with the last zinc and the zinc 
in contact with the last copper, which Volta had thought 
necessary, and which occurred in his column pile, but which, 
as we have said, are perfectly useless, and never exist in the 
trough piles. 

It is important to bear in mind, when occupied upon a pile 
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composed of many pairs, that what we call {ke pair is not 
the association of the two metals plunged into the same cell, 
but is formed of the two metals in metallic contact, each 
immersed in different cells, so that the same cell contains two 
metals belonging to two different pairs; whilst, when the pile 
is composed of a single pair, the two metals of this single pair 
are necessarily plunged into the same cell, and contact is 
established between them by the conductor, which is traversed 
by the two electricities as they unite with each other. 

In what has been said, we have not given any accurate 
estimate of the comparative merit of each kind of pile. This 
estimate, which will find its place further on, if it were 
effectively made, would in fact require that we should take 
account at once of the intensity of the effects and the expense 
of the operations, an expense which is estimated by the more 
or less rapid consumption of the zinc and the acids. There 
exists another important element which must be taken into 
this calculation —it is time. The same quantity of electricity 
the developement of which corresponds to the same expense 
of apparatus, may produce very different effects, according as 
it is liberated in a longer or shorter space of time. This 
difference depends upon the nature of the effects. So that 
the point to which we would arrive cannot at present be 
treated on; but it will be developed with fuller knowledge of 
its causes, when, after having described in detail the different 
phenomena produced by dynamic electricity, we shall enter, 
more profoundly than we have been able to do in this First 
Part, into the actual sources of electricity, and, consequently, 
into the theory of the apparatus by which it is produced. 


Tension Piles, the Dry Pile, and the Dry Pile Electroscope. 


The dynamic effects of electricity do not require for their 
production the employment of a great number of pairs; many 
of them are manifested in a very cncrgetic manner even with 
a single pair. But it is not the same with static effects: in 
order that there may be a tolerably strong accumulation of 
positive and of negative electricity at each of the poles of a 
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pile, it is necessary that the pile be composed of a considerable 
number of pairs, and that the different parts be as much 
insulated as possible. This insulation is often difficult to be 
obtained on account of the presence of the liquid with which 
the pile must necessarily be charged; indeed, unless great 
precautions be taken, there is a risk of the liquid establishing, 
between the cells that contain it, a communication in addition 
to that resulting from the contact of the metals of each pair ; 
and which is the only one that should exist Mr. Gassiot, by 
employing glass cells supported on glass stems, s0 as to render 
the insulation more complete, succeeded in obtaining, with a 
Grove’s pile of 100 pairs, very considerable effects of tension. 
He also constructed a pile of 3520 zinc and copper pairs, 
charged with pure water, and the cells of which are ordinary 
glass covered with a coat of gum-lac varnish so as to render 
the insulation more perfect. 

This pile, during the several years it has been set up, 
constantly gives electric sparks at each of its poles which are 
insulated: the only precaution to be taken is to pour water 
occasionally into the cells, to replace that which is lost by 
evaporation. We shall see hereafter that the air dissolved in 
the water plays an important part in these piles, where, to a 
certain point, it supplies the place of acids in oxidising the 
zinc plates. 

The water battery, for it has been thus named by Mr. 
Gassiot, gives but very feeble dynamic effects, as compared 
with the static or tension effects The same is the case 
with the dry pile, which manifests electricity in a state of 
tension alone. In this pile, paper supplies the place of the 
liquid conductor; a circumstance that has led to its being 
termed the dry pile. However, this name has been improperly 
applied to it, for it acts only because the paper, a very hygro- 
metric substance, is always more or less moist : it would not 
act at all if it were absolutely dry. Tin supplies the place of 
zinc in this pile, and peroxide of manganese the place of copper. 
It is constructed by taking paper tinned on one side only ; on 
the untinned surface of the paper is spread, with a camel’s hair 
pencil, a coat of the powder of peroxide of manganese, of 
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which a paste is made as fluid as possible by dissolving it with 
milk, and which is made to adhere by a little gelatine or starch. 
When this coat is well dry, the sheets of paper thus coated are 
cut into equal discs by means of a punch. These discs are 
then all placed one above the other, care being taken to 
arrange them all in the same order, s0 that there may always 
be tin and peroxide of manganese in contact, then paper, and 
then again tin and peroxide of manganese, and s0 on. Many 
thousands are built up in this manner; and thus a column or 
pile is constructed similar in form to Volta’s first pile, and the 
extremities of which are, the one negative, and the other 
positive. The pile necessarily terminates at its two ex- 
tremities by an insulated metallic surface; at the one, the 
negative extremity, by the coating of tin; at the other, the 
positive extremity, by that of peroxide of manganese, 

The dry pile cannot in general develop any electric current, 
when its poles are united by a conducting body ; it can only 
produce a series of small sparks, arising from the reunion of 
the two electricities that slowly accumulate at each of its 
extremities. However, by giving a great surface to the discs, 
and employing only a determinate number,, M. Delezenne 
obtained with these piles some effects of the current, in 
particular the decomposition of water: he employed a pile of 
300 pairs, each having about 106 square inches of surface. 

The principal use made of dry piles is to 
apply them in the construction of an elec- 
troscope, which is the most sensible of all, 
and which has the advantage over all others 
of indicating the nature of the electricity at 
the samc time as its presence. This, which 
is called Bohnenberg’s electroscope, from the 
name of its inventor, consists of two dry piles 
(Fig. 36.), placed vertically upon a wooden 
stand at a distance of 4 or 5 inches apart: 
each of the piles terminates above by a metal 
ball, of a diameter equal or superior to that 
of the dises of which they are formed. This 
ball is charged with the electricity accumulated at the pole 





Fig. 36. 
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of the pile above which it is placed: the piles are s0 arranged 
that the upper pole is positive in one and negative in the other. 
The two piles are covered with a bell-glass, having a hole 
pierced in its upper part. Through this hole is introduced 
a metal rod sustaining a single gold leaf, the lower extremity 
of which can oscillate between the two positive and negative 
balls of the dry piles The precautions for insulating the 
metal rod that carries the gold leaf and the other parts of the 
apparatus are the same as for other electroscopes. Às soon 
as the gold leaf is electrised by the approach of a source of 
electricity, it is carried toward one or other of the balls, 
according to the nature of the electricity with which it is 
charged,— toward the negative ball if the electricity which 
it possesses is positive, and reciprocally. We thus perceive 
immediately both the presence of electricity and its nature. 
The instrument is s0 sensitive that it is affected at a distance 
of more than a yard by the electricity of a glass rod or of a 
stick of wax: if care is not taken there is even sometimes 
a risk of giving false indications by the very excess of its 
sensibility. Indeed, if the two dry piles are too near together, 
and if the gold leaf is not exactly between the two balls, the 
slightest movement that brings it nearer to one than to the 
other is sufficient to cause it to be attracted by this ball, even 
although it be not electrised, just as any other light body 
would be. We may therefore easily be led into error, and 
believe in the presence of an electricity that does not exist, 
unless the greatest precautions are taken We have even 
succeeded in obtaining a continuous movement by these 
means; for, when once in movement, the gold leaf, or any 
other light body, having touched one of the balls, becomes 
charged with its electricity: it is then repelled, to be attracted 
by the other, which it touches, and of which it acquires the 
electricity : it is then repelled, and returns to the first, and s0 
on. To obtain this continuous oscillatory movement it is 
better to employ a light body, such as a small, very light ball, 
or a disc of tinsel, suspended to a film from a cocoon: there 
is a risk of the gold leaf sometimes remnaining adhering to 
the ball with which it comes in contact, notwithstanding the 
E 4 
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repulsive force of its electricity and that of the ball, which is 
not sufficient to overcome the cohesion. 

The expectations that were founded on the dry piles, first 
devised by Deluc in 1810, then perfected by Zamboni, who 
has given his name to the one now described, have not been 
realised. Not only are they very limited in their application, 
since they only give rise to static electricity, —except the ex- 
ceptional case, and which is difficult of realisation, that we 
have cited, in which they produce a barely sensible current, — 
but, moreover, they do not possess even the advantage of 
being of very long duration. At the end of some years they 
no longer work, and their place must be supplied by others in 
apparatus, into the construction of which they are made to 
enter. This defect of duration, as we shall see when we are 
engaged in the general theory of voltaic piles, is due to the 
paper’s finally losing in part its hygrometric faculty, and 
especially to the tin’s becoming oxidised, 
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PART IT. 
STATIC ELECTRICITY. 


CHAPTER ll. 


ELECTRICAL ATTRACTIONS AND REPULSIONS. 


ArTER having unfolded the general phenomena presented by 
electricity, and having familiarised ourselves with the study 
of this agent, let us examine more closely its properties, com- 
mencing by those that relate to static electricity. 

Let us first occupy ourselves with the repulsions and at- 
tractions manifested by electrised bodies. It is easy to perceive, 
by means of the apparatus that we have employed in demon- 
strating the existence of these repulsions and attractions, that 
the energy with which they occur is greater in proportion as 
the two bodies between which they are exercised are nearer 
together. Thus, in the case of attraction, we first see the two 
electrised balls approach each other slowly, then acquire a 
more rapid movement, and finally rush upon each other. It 
is the same with regard to repulsion; we see the two balls, 
when they are charged with the same electricity, avoid each 
other with the more vivacity, the more we endeavour to 
bring them near to each other. 

This influence of distance is subjected to a law which was 
discovered by Coulomb. It consists in this, that two electrised 
bodies attract or repel each other with a force which is inversely 
proportional to the square of the distance that separates them ; 
that is to say, that if the distance becomes half, the force 
becomes quadruple ; if it becomes the third, the force becomes 
nine times greater ; and s0 on. 


Electric Balance. 


The demonstration of this law is founded upon the employ- 
ment of an instrument contrived by Coulomb, and with 
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which it is necessary to become acquainted, in order to be 
able conveniently to study static electricity. This instrument 
is the electric balance, or rather the 
torsion balance (Fig. 37.). It consists 
of a cylindrical or cubical glass cage, 
surmounted in its upper part by a 
vertical tube from 15 to 20 inches 
high: the cage itself may be 12 or 
15 inches in diameter, or even more. 
The top of the tube is closed by a 
brass piece, which, like the lid of a 
tobacco-box, may turn tightly round 
the cap; which is also of brass, and 
fixed to the tube itself, A circular 
division enables us to measure how many degrees the movable 
piece has been turned, and which may thus describe several 
circumferences of the circle. 

This piece carries interiorly a vertical metal pincer adapted 
exactly to its centre, and to which is fixed, by one of its 
extremities, a very fine silver or platinum wire, which is 
stretched at its other extremity by a brass weight. The wiro 
must be sufficiently long, that its lower extremity may reach 
to about half of the height of the glass cage; it is generally 
about two feet. ‘The brass weight by which the wire is 
stretched, is traversed by a horizontal needle of glass or gum- 
lac, one of the branches of which is very short, and the other, 
which is from 3 to 5 inches long, according to the size of the 
cage, carries at its extremity a little gilt ball of elder pith, or 
a small metal disc of tinsel. A circular division, traced round 
the glass cage, serves to measure the angular spaces traversed 
by this needle. The deviation that it assumes, when not urged 
by any force, depends on the position that is given to the 
movable lid that sustains the wire to which it is suspended. 
Care is taken that the 0° of the division that is traced on the 
cage shall coincide with the direction assumed by the needle, 
when the lid itself is at the 0° of the division, traced on its 
own circumference. In this manner the starting points, or 
the 0° of the two divisions, correspond. Finally, an insulating 





cHAP. L_ ELECTRICAL ATTRACTIONS AND REPULSIONS 59 


stem of glass or gum-lac, carrying a ball or disc perfectly 
similar to the ball or disc at the extremity of the movable 
needle, is introduced vertically by an opening made in the 
cover of the cage: the place of the opening of the cage and 
the length of the stem are so combined, that the ball or disc 
which is at its extremity shall be in contact with the ball or 
disc of the needle, when the needle itself is in the direction 
corresponding to the 0° of the division. 

The insulating stem may be easily taken away and returned 
to its place, by means of the piece, to which it is fixed by its 
upper extremity, and which at the same time serves to adjust 
it to the opening formed in the cover of the glass cage. 


Determination by the Electric Balance of the Law that Electric 
Attractions and Repulsions obey according to Distance. 


To make the experiment, we begin by removing the in- 
sulating stem, then giving to the ball, by which it is termi- 
nated, either vitreous or resinous electricity, by touching it 
with an electrised body. It is immediately to be restored to 
its place : it at once divides its electricity with the ball of the 
movable needle, The latter is then repelled, and the needle 
describes à larger or smaller arc of the circle, according to 
the energy of the repulsion. After a few oscillations, it 
settles in a certain position, at 36° for example, from the point 
of departure, namely from the 0° of the division. If the 
needle stops at this distance, and does not describe a greater 
arc, it is because, at 36° of distance, there is equilibrium 
between the two forces, the repulsive force existing between 
the fixed electrised ball and the movable one, and the torsion 
force of the metal wire, to which the needle is suspended, and 
which tends to bring it back to its starting point. Since the 
needle acquires a fixed position, after having described an arc 
of 36°, this proves that the force, with which the wire, when 
twisted to an angle of 36°, tends to untwist itself, is precisely 
equal to that with which the two balls repel each other at the 
distance of 36°. 

Let us now inquire what would be the force that would 
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produce equilibrium, and that consequently would be equal 
to that with which they were repelled if they were at a 
smaller distance, at 18°, for example, instead of 36°; namely, 
at a distance one half less. For this purpose, let us turn the 
metal lid, to which the upper extremity of the wire that 
carries the needle is fixed, so as to compel this needle to 
approach nearer to its starting point; to compel, conse- 
quently, the movable ball to approach the fixed one. We 
shall see that, in order that there may be an arc of only 18° 
between the two balls, the lid above must be turned 126°, 
which causes the wire to be twisted 126° from above; but 
since the needle is not at the 0° of its division, but remains 
fixed at 18° beyond, it follows that the wire is twisted 18° 
below and 126° above, which makes in all a torsion of 144°. 
The force, then, that produces equilibrium, or that is equal 
to that with which the two balls are repelled when they are 
18° apart, is the force with which a wire, twisted to 144°, 
tends to untwist itself. We operate, in the same manner, to 
determine the force with which the two balls are repelled 
when the arc by which they are separated is no more than 
9 We should find that it would be necessary to twist the 
wire from above 567°, which makes 576° of torsion in all, by 
adding the 9° that it is twisted below ; for the necdle is main- 
tained 9° beyond its 0° of torsion: thus the force with which 
the wire tends to untwist, when it is twisted to an angle of 
576°, is equal to that with which the two balls are repelled 
when they are only 9° apart. 

Experiment had proved to Coulomb that the forces of 
torsion are proportional to the angles of torsion; in other 
words, that the force, which must be employed to twist a 
wire to a certain angle, or that with which it tends to untwist, 
is proportional to this angle ; that is to say, that if the angle 
becomes double, triple, half, or quarter, the force in like 
manner becomes double, triple, half, or quarter of what it 
was. Thus the forces that produce equilibrium, or that are 
equal to the forces with which the electrised balls are re- 
pelled at the distances 36°, 18°, 9°, are to each other as the 
angles of torsion 36°, 144°, 576. But these angles are to 
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each other as 1 : 4: 16; whence we may conclude that, if 
the distances are to each other as 1: 4:41, the repulsive 
forces are to each other as 1: 4:16. Zt is therefore correct 
to say that the force with which two electrised bodies repel each 
other, is inversely proportional to the square of the distance Ly 
which they are separated. 

In the same manner we prove that the force with which two 
bodies that possess different electricities attract each other, 1s 
inversely proportional to the square of the distance by which they 
are separated. 

In this case, after having given to the ball of the movable 
ncedle, by means of the other ball, a certain electricity, we 
must take away this latter, and give it the contrary electricity. 
But, before restoring to its place this ball that is intended to 
remain always fixed at the 0° of the division, it is necessary 
to give the movable needle another position, which prevents 
the contact taking place immediately between the ball that 
terminates it and the fixed ball that has a contrary electricity; 
for, without this precaution, as these two balls would be 
touching, the two electricities would be neutralised imme- 
diately, and no effect would take place. For this purpose we 
turn the metal cover, to which the torsion wire is fixed; and, 
in this manner, we induce the movable needle to remain at 
40° or 50° from the 0° of its division, when it is not acted 
upon by any force, and when the wire consequently is with- 
out torsion. It is then we introduce the ball, which is to 
remain fixed at the 0°, and which is charged with a contrary 
electricity to that which has already been given to the mov- 
able ball before it was made to change its place. There is 
immediate attraction between the two balls; but they are 
prevented from coming into contact in consequence of the 
torsion of the wire resulting from the displacement of the 
movable ball; they remain, therefore, at a certain distance 
from each other, a distance at which there is equilibrium 
between the force of torsion that tends to separate them, and 
the attraction that reigns between them and that tends to 
bring them together. 

We augment or diminish the torsion so as to maintain 
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equilibrium at other distances We thus obtain variable 
distances between the balls, and angles of torsion corre- 
sponding to these distances ; and it is from the relations that 
exist, on the one hand between these distances, and on the 
other between these angles, that we deduce, as in the case of 
repulsion, the law that we have laid down We must only 
take care that, in making the torsions vary, we do not bring 
the two balls at so feeble a distance from each other that, 
attraction getting the better of the force of torsion, they may 
come suddenly into contact, in which case, the two electricities 
being neutralised, all would have to be done over again.* 
In all the preceding experiments the electricity that is 
possessed by the balls runs the risk of being dissipated, with 
greater or less rapidity, by means of the imperfect insulation 
of the supports and the humidity of the air. To avoid this 
inconvenience, we must dry the interior of the torsion balance 
as much as possible, by placing in it chloride of calcium or 
other bodies that absorb moisture, by making the experiment 
as rapidly as possible, and finally by taking account of the 
loss of electricity, by taking the mean between the results of 
the same experiments made at slightly different periods.t 


Tnftuence of the absolute Quantity of Electricity upon Attractions 
and Repulsions ; and general Expression of the Attractive and 
Repulsive Force. 


After having found the laws by which electric attractions 
and repulsions are connected with the mutual distance of two 
electrised bodies, it remained to determine the law according 
to which the attractive or repulsive force depends on the 


* For the calculations, sec note A at the end of the volume. 

f Coulomb confirmed the laws that he had found by the torsion balance by a 
totally different method, which consists in oscillating before an insulated and 
electrised globe, a horizontal needle terminated by a small ball, charged with 
the same electricity as the globe, or with a different elcctricity ; the number of 
oscillations in a given time at different distances are counted ; and, by the formula 
of the pendulum, is deduced the influence of distance upon the intensity of the 
orce. : 
We shall develope this method more in detail when we come to magnetic at- 
tractions and repulsions, | 
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quantities of electricity accumulated upon each body. To 
arrive at this, Coulomb set out from the self-evident principle 
that if two bodies, for example, two insulated conducting 
spheres, of the same size and perfectly similar in every 
respect, are placed in contact, they share equally in the 
electricities that they possess ; in such sort that if one of the 
insulated spheres is electrised and the other is not, they have, 
after contact, each the same quantity of electricity, namely 
the half of that possessed beforehand by the one only that 
was electrised. This point being admitted, we observe the 
force of torsion that at a certain distance is in equilibrium 
with the repulsive or attractive force of the two balls of the 
balance, that are similar and charged with the same quantity 
of electricity. We have a third ball perfectly similar to the 
two others, insulated as they are, but not electrised. With 
this ball we touch the'’fixed ball of the balance ; this contact 
takes from it the half of its electricity according to the 
principle we have just laid down, the movable ball retaining 
the whole of its own. We then look again for the force of 
torsion necessary to cause equilibrium, at the same distance, 
to the attractive or repulsive force of the two balls of the 
balance, and we find that this force is now only the half of 
what it was before. By then reducing to a half, by the same 
process, the electricity of the movable ball, we find that the 
force of torsion is now only the fourth of what it was in the 
outset. It is the same if, without making any change in the 
electric state of the movable ball, we diminish a second time 
by a half the electricity of the fixed ball, namely, if we reduce 
it to a fourth of what it was at the first. 

These experiments therefore prove that, the distance re- 
maining the same, the attractions and repulsions are in compound 
ratio to the quantities of electricity with which the two bodies are 
charged ; or, which amounts to the same thing, that the 
attractive or repulsive force is the product of these two quantities. 

It is easy indeed to see that there is simply a product which 
may become half less when one of the factors diminishes by a 
half, and become four times less when the two factors each 
diminish by a half, or when one alone of the two becomes a 
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fourth of what it was, the other not changing. This result 
has been verified by Coulomb, by means of a great number 
of experiments, made with absolute quantities of electricity, 
and very different one from the other. 

The law that we have just established, connected with that 
which regulates the distance, enables us to give to the 
expression of the attractive and repulsive force reigning 
between two electrised bodies this very simple form: F =, , 
calling F the force, E and E’ the quantities of electricity 
with which the two bodies are charged, and D the distance 
existing between them. 


Torsion Electrometers. 


The knowledge of the two laws to which electric attractions 
and repulsions are subjected, has furnished philosophers with 
an excellent electrometer in the torsion balance. To apply it 
to this use the fixed ball is made to communicate, by means 
of a metal rod situate in the axis of the insulating tube that 
sustains it, with a small metal sphere situated on the outside of 
the glass cage that contains the whole apparatus. This sphere, 
as in ordinary electroscopes, is placed in communication with 
the source of electricity. The electricity arrives at the fixed 
ball and at the movable one that is in contact with it at the 
0° of torsion and charges each of them. Repulsion imme- 
diately takes place; by means of torsion they are to be 
brought back to a determinate distance, always the same for 
comparative experiments. The angles of torsion, necessary 
to bring back the balls to the constant distance, represent in 
each experiment the repulsive forces that are proportional to 
these angles. But these forces being the product of the two 
equal quantities of electricity with which the balls are charged, 
it is clear that each of these quantities themselves is propor- 
tional to the square roots of the repulsive forces or of the 
corresponding angles of torsion. We have, in fact, in this 


E? , _E" = 
case, F — Dÿ and in the other F’= Dr whence E : E’:: VF 
: VE”. Thus, if the angle is four times greater in one 
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experiment than in the ather, it signifies that the quantity of 
electricity possessed by each of these balls, and consequently 
that of the source which was put in communication with 
them, is twice greater. (Care must be taken after each 
experiment, and before commencing another, to discharge the 
two balls of the balance, by putting them in communication 
with the ground by means of a metal rod held in the hand. 
Without this precaution, the electricity that would remain 
after one experiment would complicate and falsify the results 
of the following one. It is true we necd not discharge the 
movable ball, but leave to it a constant quantity of electricity, 
taking care to avoid its coming in contact with the fixed ball. 
Then this latter alone is placed in communication with the 
source ; and the angles of torsion or the repulsive forces are 
then simply proportional to the quantities of electricity with 
which it is charged, quantities which are variable in this ball 
alone. This mode of operating is easier, and it requires no 
calculation ; hence it is more adopted, although it is less sure 
on account of the loss of electricity which the movable ball 
always experiences, to a greater or less extent, during the 
experiments, notwithstanding our carcfully taking the pre- 
cautions that we have already pointed out when referring 
to the torsion balance. 

Coulomb's electric balance, when employed as an clectro- 
meter, does not, it is true, immediately indicate the nature of 
the clectricity; a determination, however, which may easily 
be obtained by the same means employed for other electro- 
scopes. But the great superiority of this instrument is that 
it is the only one which can give an exact measure of electric 
forces ; in addition to which, it is susceptible of great sensibility. 
When necessary to increase this sensibility, the metal wire, by 
the torsion of which the forces are to be measured, must be 
as fine as possible, and as long as the construction of the 
apparatus permits. Care is taken at the same time that the 
glass or gum-lac necdle that carries the movable ball as well 
as this ball itself, are of great lightness. By these means we 
succeed in obtaining an apparatus of remarkable delicacy. It 
may even become the most delicate of all electroscopes, except, 
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perhaps, that with dry piles, if a film unwound from a 
cocoon is put in place of the metal wire that carries the 
movable needle: we then give it a slightly dif- 
ferent and more simple form (Fig. 38.) But as 
the waxed filament of silk does not obey the laws 
of torsion as the metal wires do, the apparatus is 
no longer an electrometer ; it becomes a simple 
J electroscope. In this case a force equal to z545vth 
of a grain is sufficient to make the needle traverse 

F9.S8. an entire circumference ; consequently, an arc of 
one degree, if traversed by this needle, corresponds to a force 
equivalent to only 31505000 0f a grain We see, by this 
example, what a minute force we can contrive to measure, and, 
consequently, to what extent we may succeed in discovering 
the slightest traces of electricity. 





Objections to the Generality of the preceding Laws. 

Before terminating this chapter, we must add that the 
generality of the two laws discovered by Coulomb has been 
contested by an English philosopher, Sir Wm. Snow Harris. 
This philosopher has made a great number of observations by 
means of an apparatus of his invention, termed a Bifilar 
balance, in which the movable needle is carried by two waxed 
silk threads, the points of support of which are very near to 
each other, and at an equal distance from its centre of gravity. 
Às soon as the movable needle is driven from its position of 
equilibrium, the two threads can no longer preserve their 
vertical position, and they incline in opposite directions to a 
greater or less degree, according to the intensity of the force 
by which the needle is driven ; and it necessarily follows that 
the latter is raised. The new position that it acquires is, 
therefore, that at which there is equilibrium between the 
electric force and the force with which gravity tends to bring 
it back to its normal position, a force which it is easy to 
calculate. In Sir W. Harris’s bifilar balance, gravity takes 
the place of the force of torsion in Coulomb’s balance. With 
regard to the slight torsion that the silk threads may undergo, 
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it is not necessary to take it into account, experiment having 
proved that its effect is completely null. The same philosopher 
has also employed a very delicate simple balance, in which, 
by means of weights placed in one of the scale pans, he pro- 
duced equilibrium to the electric attractions acting upon a 
disc fixed to the other scale pan. 

It is with these apparatus, and by greatly varying his ex- 
periments, that Sir W. Harris found that the law of the 
inverse of the square of the distance is not exactly sustained, 
except when the balls or the discs are charged with an equal 
quantity of electricity ; when this quantity is not too feeble ; 
and, finally, when the angular distance that separates them 
is greater than 9°. Otherwise, and especially if the electric 
charges of the two bodies are very different, the force becomes 
the inverse of the simple distance, within certain limits. The 
same causes equally modify the second law, which cstablishes 
the relation existing between the quantities of electricity, and 
the attractive or repulsive forces Thus, in one experiment, 
the respective quantities of electricity being successively, on 
each of two discs, in turn 1 and 2, the corresponding re- 
pulsive forces, instead of being 1 and 4, were 1 and 5. This 
deviation from the law was due to the absolute intensity of 
the electricity being too feeble. But it is much more sensible 
when there is inequality in the electric charges of two bodies, 
and when this inequality is very great. 

These numerous exceptions to Coulomb’s laws are in great 
part due to there occurring to electrised bodies, when in 
presence of each other, important modifications in their electric 
state, by the effect of influences whose action we shall study 
further on, —influences which are the more sensible as the 
electric charges are more different. They depend also upon 
its being very probable that the laws in question are general 
only for points almost mathematical, and not for bodies of 
any forms and dimensions Now we conceive that they must 
be so when we employ, as Coulomb did, small equal spheres 
for electrised bodies ; for, as is demonstrated in mechanics, the 
action of a sphere is always the same as that which would be 
exercised by its centre, supposing all the forces with which 
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the sphere is endowed were concentrated in this centre. We 
see, therefore, that Coulomb’s laws may be regarded as 
general by restricting them to the cases of electrised molecules 
or points ; and that, in other cases, they may be regarded as 
deviating less from the truth, as the bodies are of smaller 
dimensions, and as the forms approach more or less the 
spherical form. 

Sir W. Harris has also found that, when a quantity of 
clectricity is constant, the attractive force is inversely as the 
square of the surfaces upon which the electricity is diffused ; 
and that, when the surfaces are constant, the force is propor- 
tional to the squares of the quantities of electricity. What is 
very remarkable is, that the distance at which a discharge 
between two balls, charged with contrary electricities, may 
take place, is simply proportional to the quantities of elec- 
tricity, whilst the attractive forces are proportional to the 
squares of these forces. 

The same philosopher has also established that the attractive 
force between electrised bodies depends only on the form of 
the two opposed surfaces, and not at all on that of the rest 
of the body: thus two cones, opposed by their base, attract 
each other, as would two circular discs equal to these bases ; 
two hemispheres, as two spheres of the same diameter ; the 
attraction between two circular surfaces, onc greater than 
the other, is the same as between two surfaces equal ta 
the smaller of the two; it is also the same between a ring 
and a disc, as between two rings of the same diameter, 
AIT these different results may be summed up in the fol- 
lowing law: it is, that the attraction is directly proportional 
to the number of points immediately opposed to each other, 
and inversely to the square of their respective distances. But 
we should remark that these consequences are true only in 
the cases, in which the electric forces are equally distributed. 
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- CHAP. IL 


DISTRIBUTION OF ELECTRICITY ON TIIE SURFACE OF INSULATED 
CONDUCTING BODIES. 


Electricity arranges itself on the Surface of insulated conducting 
Bodies. 


WHAT characterises a conducting body, is the facility with 
which electricity is propagated init. As soon as an insulated 
conductor is touched at any point with an electrised body, all 
the points of the conductor are themselves instantly elcctrised ; 
and, as soon as communication is made with the ground, by 
touching with the hand or in any other manner any point 
of an insulated and electrised conductor, immediately this 
point and all the others cease to possess any electricity. But 
this electricity, which is thus spread over all the points of the 
surface of an insulated conductor, does not penetrate into the 
interior ; and its diffusion depends upon the surface of the 
body alone. Coulomb proved this by a series of experiments, 
in which he observed the repulsive force between the two balls 
of the torsion balance before and after having touched the 
fixed ball with a third ball insulated and unelectrised, and 
of exactly the same size Whether the latter were solid or 
hollow, of copper, of lead, or of any metal whatever, of wood, 
or cork, or elder-pith, it always carried away from the one 
with which it had been put in contact the same quantity of 
electricity, namely, the half of what it possessed; and the 
proof is, that the repulsive force was reduced to the half of 
what it was before. Thus, then, in the contact of two in- 
sulated spheres, the clectricity is equally divided between 
them, providing they are both made of conducting matter, 
whatever their density may be, and whether they be solid or 
hollow. This is a proof that electricity is only disposed upon 
the surface of bodies ; for were it also disposed in the interior 
r 5 
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particles, the solid ball must have acquired more than the 
hollow one; and were it disposed in greater proportion in 
particles of one kind than in those of another, the metal ball 
would not have acquired the same quantity of electricity as 
the elder-pith one. 

If, instead of touching the fixed ball of the balance with 
a sphere of the same surface, it is touched with a sphere of 
double the surface, its electricity is reduced to one third of 
what it was before, as is proved by the diminution of the 
repulsive force. This experiment is a new proof that the 
electric charge is all disposed upon the surface in insulated 
conducting bodies; for the little ball lost the two thirds of its 
electricity only because it was in contact with a globe having 
a surface double its own, and because the total amount of its 
electricity is distributed between the two spheres of unequal 
size, proportionately to their respective surfaces, 
- À still more direct experiment points out this tendency of 
electricity to arrange itself upon surfaces. An insulated metal 
sphere is electrised ; it is enveloped with two hollow metal 








Fig. 39. 


hemispheres (Fig. 39.), which cover it exactly, so as to become 
its veritable surface. These hemispheres arc fixed to insulating 
handles, by means of which they are held. After having en- 
veloped the sphere with them, they are removed, when not 
the smallest trace of electricity is to be found upon the sphere, 
as may be proved by touching it with a sensible electroscope. 
On the other hand, the hemispheres are electrised, although 
they were not so before the experiment ; they have therefore 
taken from the sphere all the clectricity it possessed. To 
remove the hemispheres is to take away the surface of the 
sphere ; and, since in taking away the hemispheres all the elec- 
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tricity is taken away, we have the proof that all the electric 
charge is entirely arranged at the surface. 

To show this important principle in a more general and 
complete manner, we employ a small apparatus, termed a 
proof-plane. It consists of a small disc of tinsel or gilt paper, 
fixed at the end of a stem, or rather an insulating thread of 
gum-lac or glass. The length of this stem, and of the support 
by which it is sustained, are so calculated that the small disc 
may supply the place, in the torsion balance, of the fixed ball 
of the apparatus, and act like it, when it is electrised, upon the 
disc or the ball fixed at the extremity of the movable needle. 
A point of the surface of a body is touched by the proof-plane, 
- and, if this point is electrised, it is immediately perceived, 
because the proof-plane, when carried to the balance, acts 
upon the movable needle. By this mode of operating we 
prove, that, however thin its envelope may be, a hollow metal 
sphere does not present the slightest trace of electricity upon 
its inner surface, even when its outer surface is strongly elec- 
trised. The proof-plane is in like manner introduced into a 
hollow cylinder or body of any form, so as only to touch its 
interior surface ; it comes out without any trace of electricity ; 
whilst, if it is put in contact with the exterior surface, it ac- 
quires a very decided electric charge. 

The following are some of Faraday’s experiments, which 
in an elegant manner demonstrate the same principle. A 
cylinder, made of metal gauze, or a trellis of iron wire with 
meshes not too close together, is placed upon a horizontal 
metal disc, resting on an insulating support; electricity is 
communicated to it by its interior surface : —the proof-plane 
indicates that the exterior surface alone is electrised, notwith- 
standing the facility with which the two surfaces may commu- 
nicate with each other. An animal, such as a mouse, when 
placed in the interior, does not experience any shock, even when 
the entire apparatus is very strongly electrised, and vivid 
sparks are drawn from it.* A hollow metal cylinder is placed 


* Mr. Faraday, in his lectures, covers his most sensitive gold-leaf electroscopes 
with cotton or linen nets, having loose meshes, to protect them from the influenco 
of the ambient electricity. Notwithstanding the vicinity of powerful electric 


Fr 4 


72 STATIC ELECTRICITY. -PART If. 


upon an insulated metal disc, of a diameter a little larger than 
its own; it is elcctrised, and its exterior surface alone gives 
signs of clectricity. It is surrounded exteriorly with small 
brass columns, higher than itself, and which rest by their 
base upon the same metal disc ; all the elcctricity is immediately 
disposed upon the exterior surface of these small columns. A 
third experiment consists in fixing to an insulated metal wire, 
bent into the form of a ring, a conical muslin bag, which forms 
in fact a buttcrfly net. It is to be 
electrised : no electricity is found upon 
its interior surface by the proof-plane. 
By means of two insulated silk threads, 
fixed to the apex of the cone, one 
withinside and the other without, the 
bag is turned inside out without being 
deprived of the electricity with which 
it is charged, s0 that the surface which 
was exterior becomes interior, and re- 
ciprocally : and it is always the surface that is outside which 
is alonc found to be charged with electricity (Fig. 40.). 





Electric Reaction of the Points of a Surface. 


It is therefore fairly proved, that upon the exterior surface 
of a conducting body is disposed all the clectricity with 
which it is charged. Each point of this surface will have a 
certain quantity of electricity, which is termed a certain 
electric reaction; an expression by which we designate the 
condition of an clectrised point or surface that, in the static 
state, docs not exercise any action, but would virtually be 
capable of exercising one. The electric reaction of each 
point of the surface of a conducting body must depend, for 
the same quantity of electricity given to this body, upon the 
extent of its surface, and must be inversely to it, because all 
the electricity is disposed upon the surface alone. We may 


machines in action, tho clectroscopes experience no effect, tho clectricity that 


reaches them being entirely disposcd upon the extcrior surface of the tissue by 
which they arc enveloped. 
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prove directly by experiment this self-cvident principle, by 
means of a metal riband wound around an insulated metallic 
axis, An electroscope composed of two elder-pith balls, sus- 
pcnded to linen threads, is fixed 
at the extremity of the metal 
axis (Fig. 41.) The whole is to 
be electrised ; and the electro- 
scope diverges powerfully. We 
then unroll the riband by means 
of an insulating silk thread fixed 
at the free extremity ; the balls 
of the electroscope approach and 
come almost into contact. The riband is then wound up 
again by means of an insulated handle fixed at the end of the 
axis ; the balls of the electroscope immediately begin again 
to diverge. This double operation, which may be repeated 
several times without the clectricity being dissipated, if the 
air is tolerably dry and the supports good insulators, shows 
that the electric reaction of the point of the surface to which 
the electroscope is fixed is less according as the total surface 
is greater, and, reciprocally, is stronger, as the surface is 
smaller. The mass of the body remains the same, its surface 
alone is varied; but as the elcctricity is disposed upon the 
surface alone, it is clear that the same quantity of electricity, 
in distributing itself over a greater surface, will give to each 
of the points of which it is composed a less electric reaction 
than would be posse:sed by each of the points when the 
surface was smaller. 





Distribution of Electricity upon the Points of different Surfuces. 


The electric reaction of a point, for the same surface, does 
not depend simply upon the absolute intensity of the elcc- 
tricity, but also upon the general form of the surface to which 
this point belongs. The influence of this form on the manner 
in which the electricity distributes itself over a surface, has 
been the object of numerous and interesting rescarches by 
Coulomb." It was also by touching successively with the 
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proof-plane the different points of the surface of an electrised 
conducting body, and bringing it each time to the torsion 
balance, that he succceded in determining the laws which the 
distribution of electricity obeys. In fact, when the proof- 
plane is tangent to a point of the surface, it is confounded 
with the point that it touches; it becomes itself part of the 
surface, and consequently takes the same charge of clectricity 
that was possessed by the element that it covers When the 
plane is taken away, it is as if there had been cut from the 
surface an element of the same extent as itself, and it had been 
conveyed to the balance with the electricity that it possessed, 
when it formed part of the surface. Consequently, when we 
wish to operate, we begin by charging the disc of the movable 
necdle with the same electricity as that of the body subjected 
to experiment ; we then touch with the proof-plane a point of 
the surface of the electrised conductor, and carry the plane 
to the torsion balance; we determine the angle of torsion 
necessary to establish equilibrium at a constant distance; we 
now take it away, and discharge its electricity, and then 
convey it to another point of the same conducting body; it 
takes electricity from it, is carried over to the balance; we 
determine the angle necessary to produce equilibrium still at 
the same distance. The relation existing between this angle 
and the preceding one, expresses the relation that exists 
between the two electric charges taken successively by the 
plane, consequently, betwecn the electric charges of the two 
portions of the surface that have been successively touched. 
By applying the method to determining the distribution of 
elcctricity over the surfaces of insulated conductors of dif- 
ferent forms, we arrive at the following results : — 
Sphere. — We find that the angles of torsion are all equal, 
whatever point is touched ; whence we conclude, that the dis- 
tribution of electricity is uniform on a spherical surface. 
Ellipsoïde. — This uniformity ceases to exist so soon as the 
spherical surface becomes slightly spheroidal; experiment 
gives the angles of torsion greater when the proof-plane has 
touched a point of the surface of an ellipsoïde of revolution 
near to the ends of the longer axis, than when the point 


CHAP. IL DISTRIBUTION OF ELECTRICITY. 19 


touched is near to the ends of the short axis. The electric 
reaction is greatest at the very extremities of the great axis, 
and least at the extremities of the small one; and the dif- 
ference between the two reactions is the more considerable as 
there is a greater difference between the length of the two 
axes. 

Cylinders. — À cylinder of 2 in. in diameter and 334 long, 
terminated by two hemispheres, when touched successively 
by the proof-plane at the middle, or at one of its extremities, 
manifests electric reaction, of which the first is to the second 
as 1 is to 2°30. By comparing the middle point of the 
cylinder with a point taken at 9-8 in. from the extremity, the 
relations of the electric reactions were found to be as 1 to 1-25. 
It follows from this that the electric reaction varies but little 
from the middle of the cylinder to 2 in. from its extremities ; 
and that it increases from this distance to the very extremity, 
where it is at its maximum. 


Plane Surfaces and Prismatic Bodies. 


Thin plates, whose length is at least double their width, pre- 
sent an electric reaction which is very nearly constant from 
the middle to about an inch from the extremity ; this reaction 
goes on increasing, from this distance, to the extremity itself. 
At the extremities of the plate, the reaction is double of what 
it is in the middle; and, if the proof-plane is placed on the 
prolongation of the plate, it is quadrupled. In a circular 
plate the electric reaction goes on increasing from the centre 
to the edges ; however, this increase does not become very 
sensible till about an inch from the edge: at about a third of 
an inch from the edge the reaction is double what it is at the 
centre ; it is triple at the edge itself. The increase of the 
electricity towards the extremities is found in prismatic bodics, 
especially when they are very elongated. It exists, in like 
manner, toward their edges. 


Spheres in contact. 


If the spheres are equal, the distribution of the electricity 
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greatly resembles what it is upon a cylinder. Thus in a 
series of twenty-four globes, placed in contact in a straight line, 
the electric reaction varies very little in the middle globes 
from those which precede the latter ones, but considerably 
between the two extremes and those which immediately 
follow. Thus the electric reaction of the extreme globes is to 
that of the middle globes as 1-75 : 1°00. With two equal 
spheres in contact, the clectricity goes on increasing from the 
point of contact, where it is null, to the extremities of the 
common diameter that passes through this point, — extremities 
where it is at its maximum. If the spherces in contact go on 
diminishing in size, from one end to the other, the electric 
reaction goes on increasing from the largest to the smallest, 
where it is most considerable. 


Power of Points. 


The clectric reaction is so considerable at the extremity of 
a point that the clectricity escapes from it, to be carried 
through the air to the nearest bodies, or to diffuse itself 
simply in the atmosphere. This cffect of points is a con- 
sequence of the distribution of electricity. We have seen, 
indeed, that in an ellipsoïde the electric reaction is greater at 
the extremity of the greater axis than at the extremity of the 
small one; and that the difference is the more considerable 
as the two axes differ the more from each other. It is the 
same with respect to a cylinder, which, when it is ex- 
tremely long in regard to its diameter, presents at its ex- 
tremities a very great electric reaction. In this case, as in 
that of the very elongated ellipsoïde, this reaction may become 
such that the electricity escapes. This is exactly what 
happens with a point, which may be regarded as being the 
extremity of a very elongated ellipsoïde or cylinder, or rather 
of a series of spheres in contact, whose dimensions go on 
gradually decreasing. 


Methods for taking account of the Loss of Electricity. 


The experiments upon the distribution of electricity are 
subject to a source of errors, which we must know how to take 
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into account, and which arise from our not being able to 
touch, at the same moment of time, the two points of an 
electrised conductor whose electric reactions we arc desirous 
of comparing : now, during the time that has elapsed betwcen 
the instant when one of the points was touched, and that when 
the other was touched, a portion of the electricity with which 
the body was charged has escaped, either by the air, which is 
always more or less moist, or by the supports, which are never 
perfectly insulating. It follows that the experiment gives, 
for the second point touched, an electric reaction relatively 
more feeble than that which should have bcen recognised. 

Coulomb endeavoured to take into account this cause of 
error by estimating beforchand what the loss should be, 
With this view he distinguished the part of the loss that is 
due to the ambient air, from that arising from the imperfection 
in the insulating property of the supports. With regard to the 
influence of the former cause, he found that it depended on 
the degree of the humidity of the air; and he succeeded in 
drawing out tables, which give for each degree of the hygro- 
meter the corresponding loss of electricity; namely, the re- 
lation existing between the quantity which the body loses in 
one minute, and that which remains to it after this minute. 
In order to estimate the part played by the supports in the 
loss of clectricity, he made various experiments with threads of 
different substances, such as silk, glass, wax, gum-lac, &c., all 
of the same diameter and of variable lengths. He discovered 
that the insulating property of these threads varies for each 
with the intensity of the electricity and with their proper length, 
—that there exists conscquently a certain degree of intensity 
of electricity, for which they are perfectly insulating: but 
that this degree depends upon their length and their nature. 
Thus, a thread of gum-lac insulates a quantity of electricity 
ten times greater than can be insulated by a silk thread of the 
same diameter. À thread of any nature whatever insulates a 
quantity of clectricity which is proportional to the square root 
of its length. 

These laws arc not gencral, for they are only verified if 
the supports arc long and slender like threads; morcover, 
they are often altered by the property that supports of a 
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certain nature possess, such as those of glass, to attract 
moisture from the air upon their surface, which notably 
diminishes their insulating property. 

To take account of the loss of electricity, it is thereforc 
better to employ another method, which is that employed by 
Coulomb in preference in his experiments ; it is the method 
of alternatives or means. It consists in this: we first touch 
one of the points of the surface of the electrised body with the 
proof-plane, and convey it to the torsion balance; then, at the 
end of a certain time, as short as possible, we touch another 
point and operate in like manner: we touch a second time 
the first point at the end of a time equal to that which elapsed 
between the two experiments. We take the mean of the two 
angles of torsion that were obtained by touching the first 
point of the surface twice : this mean angle is the same as that 
which would have been obtained directly by experiment, had 
we been able to touch the first point at the same instant that 
we touched the second. In fact, the loss of electricity being 
approximately uniform during a certain time, the same quan- 
tity must have been lost in the interval that separated this 
third experiment from the second, as in that which separatcd 
the first from the second. The mean of the results of the first 
and the third experiments represents, therefore, an experiment 
made with an electric state similar to that under the influence 
of which the second was made. 

Among the experiments of Coulomb, of which we have 
already spoken, I choose the following, which will very well 
enable us to understand the method of alternatives. It refcrs 
to an insulated steel plate, 12 inches long, 1 inch wide, and 
z5th inch thick. The proof-plane was 1 inch wide. Coulomb 
first applied the proof-plane to the middle of the plate, then to 
1 inch distance from the extremity; and he obtained the 
following results : — 


Touched at the middle . . . - 370° 
1 inch from the end . . . 440° 
the middle a second time . - 350° 
1 inch from the end a second time = 395° 
the middle a third time - . - 320° 


menn = = = - - 347 4175 ; 
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whence we conclude that the relations between the electric 
reactions of the middle of the plate, and of the part 1 inch 
from the edge, are as 347° to 417°*5, or as 1 to 1-20. 


Employment of the Proof-plane in the preceding Experiments. 


The employment of the proaf-plane for determining the 
relative quantities of electricity that are found on the different 
points of the surface of the electrised conductor, has given 
rise to various remarks and to certain objections, which we 
cannot pass by in silence. We have admitted that as this 
plane becomes, s0 to speak, a part of the surface upon which 
it is superposed, to take it away is virtually to take away this 
part of the surface, and also the clectricity with which it is 
charged. This manner of regarding the part played by the 
proof-plane is contested. Coulomb admits that it is charged 
in all with a quantity of electricity double that possessed by 
the part of the surface with which it is placed in contact, so 
that each of its two faces has as much. He bases his assertion 
upon the fact, that if an clectrised and insulated sphere is 
touched with an insulated but unclectrised disc, of which one 
of the two surfaces is equal to that of the sphere, the latter, 
after the contact, has only one third of the electricity that it 
had before ; the disc, therefore, has taken the double of what 
remained, an effect that is due to its two surfaces, which are 
each equal to that of the sphere, becoming each charged 
equally with electricity. This is exactly the case with the 
proof-plane, which is itself merely a disc. We must observe, 
however, that if this disc is sufficiently small to be confounded 
with the element of the surface upon which it is applied, the 
former mode of regarding its effects is more accurate than the 
latter, which supposes a disc of the same surface as the body 
with which it is placed in contact. 

But whatever may be the absolute quantity of electricity 
that the proof-plane takes, the important matter is, that it 
always takes a quantity proportional to the electric reaction 
of the part of the surface with which it is placed in contact. 
But this actually does take place, as is proved by many of 
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Coulomb’s experiments, especially the following. We take 
two insulated conducting cylinders, perfectly similar. We 
electrise once of them, and determine with the proof-plane the 
relation existing between the electric reaction of a point 
situated at the middle of its length, and that of a point 
situated at its extremity. We then touch the electrised 
cylinder with the one that is not electrised; it is evident 
that the total electricity must be divided between the two 
with perfect equality; consequently, the one that was electrised 
has in each of its points only one half of the electricity that it 
had formerly ; but the relation between the electric reaction 
of the point taken at the middle and of the point situated at 
the extremity, must still remain the same. The proof-plano 
confirms this conclusion ; a proof that, whatever may be the 
absolute quantity of electricity, it takes from it a quantity 
proportional to that possessed by the part of the surface upon 
which it is applied. 

We may add, that the absolute quantity of electricity that 
the disc carries away is always very small in relation to what 
the electrised body possesses : so that, without sensible error, 
we may affirm that the contact of the plane, when it has only 
been repeated for an inconsiderable number of times, in no 
degree modifies the electric state of the body. 

More serious objections have been made by Sir Wm. Snow 
Harris to the employment of the proof-plane : numerous 
experiments have proved to him that the quantity of electri- 
city, taken away from the surface of a body by means of a 
small and thin insulated disc, may be influenced by the 
position of the point of application, independently of the 
quantity of electricity possessed by this body at the point 
touched ; 80 that the same quantity may exist in two different 
points, and yet the proof-plane may be charged unequally 
when it is put in contact with these two points. It may even 
bappen that, by the effect of the action of the ncighbouring 
points, the proof-plane is not at all charged, even when the 
element of the surface with which it is placed in contact is 
strongly electrised. These singular anomalies are due to the 
effect of action at a distance, or the induction exercised by 
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the electrised bodies upon those that are not so; phenomena, 
the study of which forms the subject of the following chapter. 

But before terminating this, we may add that Sir W. Harris’s 
objections cannot shake the confidence that philosophers place 
in the results obtained by Coulomb, at least in the more 
simple cases, such as those which concern the distribution of 
electricity in conducting bodies of a regular form. Perhaps 
where bodies of irregular form, or where many bodies in contact, 
are concerned, there might be a new study to make; but what 
process can we employ if we must reject this of the proof- 
plane? I will permit myself to point out one, which, if it has 
not the precision nor the sensibility of the latter, has at least 
the advantage of manifesting to the eye in a direct manner 
the law that is followed in the distribution of electricity. It 
consists in taking a simple electroscope or electric pendulum, 
the very small and very light ball of which is charged with 
the same electricity as the body to which it is brought near. 
We then see, in presenting it to the different points of the 
surface of the body, that it is more or less repelled, according 
to the points in front of which it is placed. Thus, with an 
ellipsoïde, the distance to which it is repelled goes on in- 
creasing from the extremity of the small axis to the extremity 
of the large. With a sphere, it is everywhere equally re- 
pelled. The slightest differences in the electric reaction are 
shown in a very sensible manner by this process, which, 
although it is not in itself free from all the objections pre- 
sented by the employment of the proof-plane, would perhaps 
be susceptible of being usefully perfected. 
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CHAP. IIL 


ELECTRICITY BY INDUCTION. 


Developement of Electricity by Induction in an insulated Con- 
ductor. 


IF an electrised body is presented to an insulated conducting 
body, signs of elcctricity are developed in the latter, even 
though the two bodies are at a greater or less distance apart. 
These electric signs disappear as soon as the electrised body 
is withdrawn. This phenomenon constitutes the developement 
of electricity at a distance by influence or by induction. 

To make this experiment carefully, we take an insulated 
metal cylinder, B (Fig. 42.), and attach small pith ball clec- 





troscopes to different points of its surface We gradually 
bring another electrised body, the sphere A: for example, 
near to this cylinder, taking care that the cylinder is placed 
80 that one of its extremities faces the electrised body. When 
the cylinder is not more than an inch or so distant from the 
electrised body, the electroscopes are seen to diverge, at least 
those that are placed at its two extremities ; for the electro- 
scopes that are attached to the intermediate points diverge 
the less as they are more distant from the two ends, and 
there are even some that do not diverge at all. If the 
electrised body is withdrawn, the balls of the electroscope fall 
back into a natural position, and all trace of electricity 
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disappears. If the electrised body is again brought near, the 
divergence recommences in the same manner. 

This is not all. If, whilst the electroscopes are diverging, 
the electrised ball of a simple electroscope is brought near 
them, we perceive that the electricity which they manifest is 
not the same at one of the extremities of the cylinder as it is 
at the other. At the extremity nearest to the electrised body, 
it is of the contrary nature to that of this body, negative if 
the former is positive; at the more distant extremity it is of 
the same nature. To become better acquainted with the 
electrical state of the cylinder, whilst it is under the influence 
of the electrised body, we must touch successively the dif- 
ferent points of its surface with the proof-plane, that we em- 
ployed in studying the distribution of electricity. We thus 
find that the two contrary electricities are at their maximum 
at the two extremities of the cylinder; that, setting out from 
these extremities, they go on each diminishing in intensity up 
to a point where they are null, and which on this account is 
named the neutral point. The neutral point is never in the 
middle of the cylinder ; its position depends on the distance 
at which the two bodies are placed with relation to each 
other, and on the intensity of the electric charge ; but it is in 
every case nearer to the extremity that is contiguous to the 
electrised body. 

The following is an experiment by a German philosopher, 
Mr. Mohr, who has studied this subject with much care, a 
subject on which much light had been already thrown by the 
researches of Coulomb. The insulated cylinder was 65 c. m. 
long; the electrised body was placed at the distance of 1 c. m. 
from one of the extremities of the cylinder ; the neutral point 
was found on the surface at a distance of only 1 c. m. from 
this extremity. Thus the negative electricity (the electrised 
body being positive) occupied a portion of the surface of the 
cylinder equal to only 1 c. m. in length, whilst the positive oc- 
cupied the other part, 64 c. m. in length. An increase in the 
respective distances of the two bodies, as also a diminution in 
the electric charge of the electrised body, would have changed 
these proportions, and would have augmented the space oc- 
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cupied by the negative electricity, and consequently diminished 
that occupied by the positive, without, however, this latter 
ever ceasing to be superior to the former. 

In the preceding experiments care must be taken to place 
the elcctrised body at a sufficient distance from the insulated 
conductor, so that no portion of the electricity of the former 
shall pass into the latter. If, indeed, this distance is too small, 
a spark is seen to pass between the two bodies, a proof that a 
part of the electricity of one has passed into the other. It 
may even happen, if the air is moist, that this passage of 
electricity takes place gradually, in an invisible manner ; the 
insulated conducting body is then electrised by communi- 
cation and not by induction, which may be easily recognised ; 
for, after having been withdrawn from the influence of the 
electrised body, instead of returning to the natural state, it is 
found charged with an electricity of the same nature as that 
of this body. 

But if, on taking the necessary precautions to prevent this 
transmission of electricity from taking place, we connect the 
insulated conductor with the ground whilst it is subjected to 
induction, we find it, after the induction has ceased, te be 
charged with an excess of electricity of a contrary nature to 
that of the electrised body : negative, for example, if the latter 
is positive. Only we must take care to cut off the communi- 
cation of the insulated conductor with the ground, before 
withdrawing it from induction; for, without this precaution, 
its negative electricity would pass away, as its positive had 
done. 

An important remark to make is, that whilst the electrised 
body electrises a conductor by induction, it does not itself 
experience any other loss of its electricity than what results 
from the imperfection of the insulating supports and from the 
contact of the air; and, consequently, what it would have 
undergone had it been alone. This may be easily proved by 
touching the electrised body with the proof-plane at the same 
point both before and after it has exercised its inductive 
action. 

The phenomena that we have just described are a natural 
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consequence of the theory of two electric fluids, that we have 
laid down in the First Chapter. These two eminently subtil 
fluids are endowed with the property that the molecules of the 
one attract the molecules of the other, whilst the molecules of 
the same fluid mutually repel each other. We must admit 
that they both pre-exist in a conducting body ; because we 
can make them appear there without communicating any 
electricity to this body. But they pre-exist there in such 
proportion that, when abandoned to themselves, they are 
mutually neutralised, without, however, destroying each other. 
They constitute what is called neutral fluid ; and the body 
that is possessed of this neutral fluid only, is said to be in the 
natural electric state; whilst it is positive, or vitreous, if it 
possesses an excess of positive electricity ; negative, or re- 
sinous, if it possesses an excess of negative elcctricity. 

When a body, positively clectrised, is presented to an in- 
sulated conductor that is in the natural state, the positive 
electricity of this body decomposes the neutral fluid of the 
conductor, attracting the negative fluid and repelling the 
positive. The two electricities being able to travel freely in 
the conductor, the negative goes into the part nearest to the 
electrised body, which attracts it, and the positive is repelled 
into the more distant part. But the moment the electrised 
body is removed, the two electricities that are developed in 
the conductor are no longer subject to any thing but their 
mutual attraction ; and, as they are in equal proportions, they 
are ncutralised, and again constitute the neutral fluid. If 
the conductor is touched whilst under the influence of the 
electrised body, its positive electricity, being driven into the 
ground by that of the same nature possessed by the electrised 
body, is not regained after the influence has ceased, to con- 
stitute again with the negative the neutral fluid. On this 
account it is that the conductor presents an excess of negative 
electricity. 

After having shown how the phenomena of induction enter 
into the theory, we will return to it again, either to study 
them under different forms, or to explain some particular facts 


that depend upon them. 
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Developement of Electricity by Induction in several successive 
Conductors. 


We may observe first, that, by means of a single electrised 
body, we are able to develop electricity by induction in a 
very great number of insulated conductors, such as metal 
cylinders. We have only to place them one after the other 
in the same line, so that the extremities of each of them shall 
be at the same distance from the extremities of the one that 
precedes it and of the one that follows it The electrised 
body, for example, a positive metal sphere, is brought near to 
the anterior extremity of the first Each metal cylinder is 
immediately found to be electrised positively in the extremity 
that is most distant from the sphere, and negatively in the 
nearer extremity. 

If we touch the last of the cylinders with the hand, we 
enable its positive electricity to pass into the ground; and 
it commonly happens that the negative electricity of this 
latter, being rendered more free by the departure of the 
positive, by which it was kept back, unites through the air 
under the form of a spark with the positive of the last but one ; 
the negative of the latter with the positive of the following 
one ; and so on to the first, whose negative electricity com- 
bines with the positive of the electrised sphere. These sparks, 
which thus escape simultaneously through the air, are a sign 
of the neutralisation of thie contrary electricities; whence it 
follows that cach of the bodies, after the phenomenon has taken 
place, has returned to its natural state. If we take away the 
clectrised sphere, without having made any of the cylinders 
communicate with the ground, the neutralisation of the two 
cylinders, instead of occurring from one to the other, takes 
place in each of them separately, and they are thus also found 
in the natural state, without there having been any sensible 
exterior effects. 


Effects of Points in the Phenomena of Induction and in the 
Electrical Machine. 


The effect of points in the phenomena of induction is very 
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remarkable. We have seen that the pointed form determines, 
in the part of the conductor that possesses it, a charge or 
electric reaction so much more considerable than in the rest 
of its surface that the electricity most frequently escapes from it 
to go either into the air, or upon the nearest conductors. So, 
when an electrised body is presented to a conductor, that is 
terminated in a point and insulated, the electricity of the 
contrary nature, that is developed by induction in the con- 
ductor, by accumulating at its point, escapes from it to 
neutralise through the air that of the electrised body: thus it 
is that the conductor of an electrical machine may be dis- 
charged, or may be prevented from charging, by presenting 
to it at a distance of eight or ten inches, or even further, a 
metal point, held in the hand. In the working of the elec- 
trical machine a phenomenon of the same kind takes place. 
Each part of the glass plate that has becn electrised by 
friction passes successively before the points of the insulated 
conductor of the machine, whose natural electricity it de- 
composes by induction, attracting the negative and repelling 
the positive. The negative, being accumulated at the points, 
escapes from them to neutralise the positive of the plate, 
which, on passing ancw between the cushions, regains, by the 
friction it there undergoes, the positive electricity it has lost. 
With regard to the positive electricity of the conductor : being 
deprived of the negative that has escaped from it by the 
points, it is no longer able to produce the neutral fluid, and 
remains consequently in excess; on this account it is, that 
after a certain number of turns the insulated conductor of the 
machine is found to be charged with positive electricity. It 
is not, therefore, as has often been erroneously said, the 
positive clectricity of the glass plate that has passed into the 
conductor : it is the negative of the conductor that has passed 
out by the points, and has left there the positive, with which it 
formed the neutral fluid, and from which it has been separated 
by the influence of the plate. This inductive action continues 
to accumulate positive electricity in the conductor until each 
point of the surface of the latter has a reaction equal to what 
each point of the surface of the glass acquires by its friction 
a 4 
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against the cushions. Indeed, when this limit is obtained, 
there is no reason why the electricity of the conductor should 
not act just as much upon the plate, as the electricity of the 
plate upon the conductor. There is, therefore, equilibrium ; 
and the conductor takes no further charge: we can therefore 
understand that the charge of the conductor must be higher 
according as the friction determined upon the plate is more 
energetic ; an energy which itself depends on the quality of 
the glass, on that of the rubbers, on the manner in which they 
are more or less properly adjusted, on the degree of dryness 
of the air, and on the greater or less care that has been taken 
to dry and clean the surface of the plate itself. 


Action at a Distance by Induction upon Electroscopes. 


It is also to the developement of electricity by induction 
that we must connect the fact of its not being necessary to 
touch an electroscope with an electrised body in order to act 
upon it, but that it is sufficient to approach it with this body 
at some distance, Indeed this body, by its influence, decom- 
poses the natural electricity of the metal parts of the electro- 
scope situated exteriorly, attracts near to it the electricity of 
the contrary name to its own, and repels that of the same 
name into the gold leaves, the blades of straw, or other light 
substances that are in communication with this metal part. 
The electroscope is thus found charged, while under the 
influence of the electrised body, with the same electricity as 
that possessed by this body, but, in order to preserve it, it 
must then be touched with the body itself. However, if, 
whilst it is subjected to the inductive action, we touch it with 
the finger on any part of its exterior metal part, it is then 
found charged with an electricity contrary to that of the 
electrised body, provided we have taken care to remove the 
finger before withdrawing this body. The fact is, the elcc- 
tricity of the same name, in obeying the repulsive action, 
instead of having been driven into the gold leaves, has 
escaped away into the ground by the intervention of the body 
and finger of the observer. There therefore remained in the 
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instrument, when it was withdrawn from the inductive action, 
an excess of the contrary electricity; which caused its gold 
leaves to diverge. This is a more expeditious and more 
convenient mode of charging the electroscope: but we must 
not forget, when we adopt it, that the electricity which it 
indicates is of the contrary nature to that of the body with 
which we acted upon it. 


Electrophorus. 


An instrument, founded upon the principle of the deve- 
lopement of electricity by induction, and which may in many 
cases advantageously supply the place of the electrical 
machine, is that contrived by Volta, the Electrophorus. It is 
composed of a cake of resin poured into a circular mould of 
wood or metal of any diameter. A disc of metal, or of wood 
covered with tin, and of a less diameter than that of the cake, 
is furnished with an insulating handle fixed at its centre 
perpendicularly to its surface. This disc is bounded by a 

rounded edge, 80 as to avoid sharp corners, 

by which the electricity would run the 

risk of escaping (Fig. 43.) The cake of 

resin is electrised by beating its surface 

with a cat’s skin; the metal disc is then 

Fig. 43. placed upon it, holding it by the metal. 
bandle ; we touch it with the finger, and, when it is raised, we 
find it charged with positive electricity. We may repeat the 
experiment a very great number of times, and even at several 
days apart, without its being necessary to electrise the cake 
ancw. The latter preserves the resinous electricity that has 
been developed upon its surface for a very long time, on 
account of its insulating property, and its small tendency to 
attract moisture from the air. We must only take care to 
let the metal disc remain upon it, the presence of which 
prevents the loss of electricity that would result from the 
contact of the air. It is not necessary to add that it is the 
negative electricity of the cake which, by decomposing the 
natural electricity of the metal disc, drives the negative into 
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the ground by means of the finger, and attracts the positive, 
which is found in the disc, as soon as it is raised. If we 
raise it without having previously touched it with the finger, 
we then find it charged, not with positive electricity, but with 
a certain quantity of negative electricity, which it has taken 
from the cake by simple communication. This quantity is 
always very feeble on account of the difficulty the electricity 

experiences in quitting the resin. 
The positive electricity with which the disc is charged is 
sufficiently energetic to give strong sparks ; and hence it is used 
for inflaming gases and for a great number of experiments. 
"There is also an apparatus called the electric lamp, wherein a 
jet of hydrogen is inflamed by the spark given by an electro- 
-phorus, the metal disc of which, by means of a silk cord fixed 
to a stop-cock whereby the gas escapes, is detached from the 
cake of resin by the same movement that opens the stop-cock. 
An insulated conductor, that just touches the disc when it 
is raised by the movement of the stop-cock, is terminated, 
towards the jet of hydrogen, by a 
fine point placed opposite, and at a 
very small distance from a similar 
point. communicating with the 
ground. It is between these two 
points that the electric spark passes, 
which thus meets and inflames the 
jet of hydrogen gas. This gas is 
itself produced afresh in the appa- 
. ratus, in proportion as it passes 
away, by means of a zinc rod, 
which is acted upon by water aci- 
dulated with sulphuric acid (Fig. 
44.); care, however, must be taken, 
in order that the instrument may 
_{ work well, to electrise the cake of 
resin from time to time with a cat’s 

skin. 





Fig. 44. 


_CHAP. IL. ELECTRICITY BY INDUCTION. 91 


Explanation of the Attraction of light Bodies by electrised 
Bodies. 


The primitive phenomenon of electricity, that of the 
attraction of light bodies by an electrised body, is less simple 
than is commonly supposed. It is a true phenomenon of 
induction. There is no attraction, neither is there any re- 
pulsion, between an electrised body and a body that is not 80; 
there is none except between bodies both electrised. Thus 
when a stick of rubbed wax is presented to light bodies, such 
as bits of paper or pith balls, the stick of wax decomposes 
their natural electricity, repels into the ground their negative 
electricity ; they, still retaining an excess of positive elec- 
tricity, obey the attraction which a negatively electrised body 
must exercise on a body positively electrised. 

In support of this manner of interpreting the phenomenon, 
we may quote the following facts : — 

The first is that, if the light bodies are of an insulating 
material, such as resin or glass, they are not attracted by an 
electrised body, because their natural electricity cannot be 
decomposed 80 easily as when they are conductors. The 
second fact is, that if the shreds of paper or the other light 
bodies rest upon an insulating surface, such as a plate of glass 
or resin, they are no longer s0 easily attracted, because the 
one of their two electricities that is repelled, cannot quit 
them to pass into the ground: then the other electricity 
cannot but with difficulty overcome by its attractive power 
the repulsive force of the former. That there may be no at- 
traction at all, it is necessary that the light bodies be thin and 
small ; pith balls, if their diameter exceeds the tenth of an 
inch, are attracted when the electrised body is brought very 
near to them, even when they are placed upon an insulating 
surface because the contrary electricity to that possessed by 
the body is, in a portion of their surface, that is sensibly nearer 
than is that portion in which the electricity of the same name 
is accumulated. 
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Movements produced by Electric Induction, and the Electric 
Bell. 


À very interesting and very elegant experiment consists in 
placing upon a metal disc, provided with a foot communi- 
cating with the ground, small pith or cork balls, and covering 
the whole with a bell-glass, whose upper part is open, and 
provided with a collar of leathers, through which a rod passes 
tightly, and carries at its lower extremity a disc of metal 
similar to the former. The disc is placed at a distance of six 
or eight inches from the former: — in each case we determine 
by trial the most convenient distance. The rod, and conse- 
quently the upper dise, is put into commu- 
nication with the conductor of an electrical 
machine in action (Fig. 45.) ; by the effect 
of the induction that we have described, 
the positive electricity attracts the small 
pith balls, which, on arriving into contact 
with the lower surface of the disc that is 
constantly positive, discharge themselves 
of the negative electricity, which they had 
acquired by induction, and take from it 
positive by communication, which, as they 
are immediately repelled, causes them to 
fall on the lower disc ; and, as this is in communication with 
the ground, it takes away from them their positive electricity. 
Being restored to their natural state, their natural electricity 
is again decomposed; they are again attracted and repelled ; 
as long as the electricity of the machine arrives at the upper 
disc, they continue to execute these alternate movements, 
bounding against each other in a thousand ways. This ex- 
periment, which seems to be nothing more than a simple toy, 
owes the celebrity it has enjoyed to its having given rise to a 
theory of haïil, conceived by Volta, and which we shall have 
occasion to set forth hereafter. We may make the experi- 
ment more simply by using a bell-glass, whose interior sur- 
face is to be electrised by touching its different points with 
the conductor of an electrical machine in action We then 
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invert it upon a table over a heap of small pith balls; and they 
immediately begin dancing, being attracted and repelled as 
they successively are by its surface, which, 
on account of its insulating property, pre- 
serves for a long time the electricity that has 
‘been given to it (Fig. 46.). 

The place of the pith balls is sometimes 
supplied by pieces of cork,to which any form 
is given, for instance, that of little men: this 
is called the “ dance of puppets.” It suffices in 
this case to place two discs, one of which is 
in communication with the conductor of the 
machine, and the other with the ground, 
parallel with each other, at a distance of 
about six or eight inches, but which may be greater or less ac- 
cording to the power of the machine ; it is 
‘between these discs that the movement takes 
place. In place of the puppets we may, in 
like manner, introduce a gold leaf, that will 
‘be seen to fly about between the metal discs 
(Fig. 47.). 

An apparatus, founded upon the same 
principle, and which has some importance 
because it is employed in several countries 
= to detect the presence of an electrised cloud, 
F9 47. js the ekectric bell (Fig. 48.) À small 
metal ball affixed to the end of a silk thread, the other 
end of which is attached to a horizontal support forming 

part of the apparatus, is suspended between 

a bell communicating with the ground, and 

a similar bell placed in communication, by 

its support, with the source of electricity, for 

example, the conductor of the electrical 

machine. ‘The small ball oscillates between 

the two bells, as the pith ball did between 

the two dises, and, by its repeated blows, it 

Fig. 48, gives rise to a succession of musical sounds. 
The same apparatus sometimes carries several metal balls, 





Fig. 46. 
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similar to the preceding and similarly suspended, and also 
the number of bells necessary for the backward and forward 
movements to operate. The whole is so arranged that there 
is alternately a bell and a metal ball, and that one of the two 
bells, between which each ball is placed, communicates with 
the ground, and the other with an insulated support for 
transmitting the electricity to it. 


Effect of Electricity by Induction upon a Jet of Water. 


Among the numerous experiments to which the develope- 
ment of electricity by induction gives rise, we shall quote 
one or two more that are interesting in their application. 

At a short distance from the conductor of an electrical 
machine in action, we cause drops of water to fall upon an 
insulated plate, communicating with an electroscope, from a 
metal receptacle which is held in the hand, or which is made 
to communicate with the ground in some other manner. 
The drops of water, after they fall, indicate an electricity of a 
contrary nature to that of the conducter. This same effect is 
produced in a still more sensible manner by directing upon 
the metal plate the jet from a pressure fountain, which is held 
in the hand ; taking care that the jet passes near the conductor 
of the machine. In these experiments, the drops of water 
that come out from the vessel have their natural electricity 
decomposed, by the influence of the conductor, before sepa- 
rating from the jet; their positive electricity is driven into 
the ground, the negative remains in the water, and conse- 
quently affects the electroscope. Professor Balli obtained the 
same result by substituting, for the electricity of the machine, 
the positive electricity with which the atmosphere is constantly 
charged. He collected in an insulated receiver in commu- 
rication with an electroscope alone, the drops of water that 
fell from a very elevated jet, and he always found them : 
charged with negative electricity: this was an effective 
induction produced by the positive electricity of the air. It 
is probable that the negative electricity, which Volta, Trallis, 
and other philosophers have found in the water that falls 
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from natural cascades, has the same origin, and that it is not 
due, as they appear to have believed, to the terrestrial globe 
whence these drops came being itself negative. At least we 
cannot draw this conclusion from the observation that we 
have just related, because it is very naturally explained by 
the simple intervention of the positive electricity of the 
atmosphere. 


Action of Electricity by Induction on organised Bodies. 


A very remarkable effect of electric induction is that 
which is presented by organised bodies, when exposed to it, 
Galvani was the first to remark that a frog, whether living or 
killed less than four or five hours previously, when suspended 
at a certain distance from the conductor of an electrical ma- 
chine, but not in direct communication with it, experiences 
strong commotions when the conductor is charged, and still 
stronger when, after it has been charged, we discharge it by 
drawing a spark. These commotions are due, the former to 
the decomposition of the natural electricity, which takes place 
in the body of the animal by the influence of the positive 
electricity of the machine; the latter, which is much the more 
energetic, to the sudden recomposition of the two electricities 
which is brought about in the frog itself when the cause of 
the induction suddenly ceases by the discharge of the con- 
ductor of the machine. The commotions of this kind, which 
are impressed upon the body of the animal as a sort of con- 
vulsion, are called the return shock. 

In presence of a powerful machine, a man experiences 
similar shocks. When two persons are placed near the con- 
ductor, if one of them draws sparks, the other each time 
experiences at the same instant a violent shock, without any 
trace of electricity passing between him and the conductor ; 
this is also the effect of the return shock. When we shall be 
referring to the effects of lightning, we shall see that a storm 
cloud may act in the same manner and strike by lightning, 
as well by the return shock as by the direct shock. 

Independently of this effect, a person placed near the 
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conductor of an electrical machine experiences extraordinary 
sensations in the face and hands whilst it is being charged, 
his hairs stand up more or less strongly, a spider’s web seems 
to cover his face: these effects are all due to the decomposition 
of the natural electricity of the observer by induction at a 
distance, and to the escape of the two separated electricities, 
the one into the ground, the other through the air towards 
the electrised conductor, 
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CHAP. IV. 


DISGUISED ELECTRICITY.-——CONDENSERS AND LEYDEN JARS. 


Principle of disquised Electricities. 


IN the preceding chapter we have studied the effects of 
induction, by directing our attention only to the body upon 
which it operates. But the body that produces it itself 
undergoes a kind of induction, resulting from the action 
exercised upon its own electricity by the electricity, that it 
has developed in the neighbouring conductor. This double 
mutual influence of the two electricities gives rise to the 
phenomena of disguised electricity. In studying them we 
shall make use of an apparatus composed of two perfectly 
similar metal discs eight or ten inches in diameter, placed 
vertically each on an insulating glass support; the two supports 
are themselves fixed by their lower extremity to a piece 
movable in a slide, so that, with a handle or by any other 
means, we can separate the two discs or bring them as near 
as possible ; the two faces always remaining perfectly parallel. 
Each disc carries a pith-ball electroscope. We shall call one 
of the discs A, and the other 
B (Fig. 49.) We electrise A, 
and bring towards it B, whose 
| natural electricity is immedi- 
ll ately decomposed by the in- 
fluence of À, which we will 
suppose positive We touch 
B with the finger, in order to 
allow of the escape of its posi- 
tive electricity ; the electroscope of B immediatelÿ ceases to 
diverge, and that of À gives now only a very feeble diver- 
gence. But if A and B are withdrawn from each other, 
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taking care not to touch them, we immediately perceive the 
two electroscopes to diverge strongly; that of B indicates 
negative electricity, that of A positive. We again bring the 
discs near to each other, and the divergence of the electro- 
scope of B again ceases, and that of the electroscope of À 
diminishes. The same phenomenon may be produced several 
times, if the air is very dry and the supports are good 
insulators ; for, without this precaution, the loss of the elec- 
tricity, with which the discs are charged, would be brought 
about rapidly, and the effects would very quickly cease. 
The total disappearance of the electricity of B, and of the 
greater portion of that of A, is only apparent, since we have 
merely to separate the two discs from each other, for the two 
electricities to appear again with all their intensity ; they are 
called disguised when they are in that latent state resulting 
from the proximity of the discs. This state is attributed to 
the tendency that the two electricities would have to go 
towards each other by virtue of their mutual attraction, a 
tendency which they cannot obey on account of the resistance 
opposed to their union by the interposed body of insulatins 
air, This tendency carries them entirely to the portions of 
the surfaces of the two discs that are contiguous; and then 
they are neutralised, as it were, the one by the other: we say 
as it were, because if they were actually neutralised they 
would no longer re-appear separately when the two discs are 
separated. This circumstance it is that establishes the dif- 
ference between the two states, and which has caused the 
name of disguised electricities to be applied to the phenomenon 
on which we are engaged, to distinguish it from the state of 
neutralised electricities. 

We have said that, whilst in the disguised state, not 
any of the electricity of B was sensible, and a small portion 
only of that of A remained apparent, This portion is named 
free electricity. It arises because A, on account of the distance 
that separates it from B, has not been able to develope by 
induction in B a quantity of negative electricity as consi- 
derable as that which it possesses itself. It follows from this, 
that, whilst the latter, notwithstanding the distanco and 
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because it is the stronger, is able to disguise all the negative 
of B, the latter, being more feeble, is not able in its turn to 
disguise all the positive of À; there remains therefore upon 
A a certain proportion that is not disguised, but which serves, 
with that which is s0, to disguise all the negative electricity 
of 5H We touch À with the finger; immediately the small 
quantity of free electricity that it possessed disappears; the 
disguised does not pass away into the ground, being retained 
by the action of B; at the same instant when the electroscope 
of A ceases to diverge, that of B diverges in its turn, —a proof 
that the electricity of B is no longer disguised in toto ; and 
which takes place because À has lost a portion of its electricity. 
One part of the electricity of B has thus become free in its 
turn, without, however, there having been a diminution in the 
total quantity of electricity that was possessed by the disc, a 
quantity which continues to disguise the same proportion of 
that of À This proportion has become the total, since its 
free portion has been taken from A. If B is now touched, or 
the part of the electricity that had become free on this body 
is removed, then a portion of that which was disguised on A 
by the action of the total of the electricity of B, becomes free : 
this double effect is made manifest by the absence of diver- 
gence in the electroscope of B, and the appearance of a slight 
divergence in that of A We may again take away from A 
this new dose of free electricity, and make one arise imme- 
diately upon B; then touch B, and s0 on, until, baving 
gradually made all the electricity pass away from each of the 
discs into the state of liberty by successive small doses, we 
have completely discharged them. This is what we term the 
slor recomposition of the two electroscopes. The sudden recom- 
position is that which takes place when, on uniting the two 
discs by the two branches of a discharging rod, we allow the 
two disguised electricities to unite immediately through a thin 
stratum of air, which they do by giving rise to a spark, that 
darts with much brilliancy and noise. 

The disguise of the electricities is the more complete when 
the discs are nearer to each other, which is due to the mutual 
attraction of the two electricities becoming stronger as the 
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distance is feebler. But we must leave a stratum of air 
sufficiently insulating, and consequently sufficiently thick, to 
oppose the direct reunion under the form of a spark of the 
two opposed clectricities : thus the distance at which the two 
discs may be brought in respect to each other, depends on the 
intensity of the electric charge that is given to À, and on the 
degree of humidity, and consequently on the insulating fa- 
culty, of the air. 

However, much more decided effects may be obtained by 
putting, in place of the stratum of air, a substance, such as 
glass or resin, which is perfectly insulating, even when it is 
in a very thin plate. It is then an easy matter to bring the 
discs to a very small distance from each other, without 
running the risk of producing the neutralisation of the two 
electricities. Ît hence follows that A developes by induction 
in B a much greater quantity of negative electricity; and, in 
its tum, a much higher proportion of the electricity of A is 
disguised. In practice, the choice of this insulating substance, 
and the distance to be given to it, depends upon the object in 
view. This object is two-fold, and has given rise to two 
apparatus, known under the name of the Condenser and 
the Leyden Jar. We will commence by explaining the 
common principle upon which they depend; and will then 
pass on to the differences, by which they are characterised 
with regard to the object, and consequently with regard to 
the form, that is given to them. 


Theory of the Condenser and the Leyden Jar. 


We have seen that, with any electrical machine, a con- 
ductor cannot acquire a stronger charge of electricity than 
that which is impressed upon the different points of its 
surface by an electric reaction equal to that of the plate. 
It is the same with every source of electricity. The charge, 
therefore, varies with the electric reaction of the source; but 
the total quantity of electricity accumulated upon an insu- 
lated conductor may be increased by the effect of the same 
source, by extending the surface of this conductor. In fact, 
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as the electricity with which a conductor is charged is able to 
move freely in it, it is enough to touch it in one point, in 
order that the whole may enter it; and, as each element of 
the surface has the same electric reaction, namely, that of the 
source, the more this surface shall be extended, the more 
elements there will be having the same electric reaction ; the 
greater, consequently, will be the sum total of electricity. It 
was on this principle that Volta contrived a system of elec- 
tric conductors terminated by hemispheres, and suspended by 
means of insulating silk cords. He put them in communi- 
cation with the conductor of an electric machine in action, 
and he thus accumulated, by means of the same machine, a 
quantity of electricity as much greater as the sum of these 
conductors presented a more considerable surface. He named 
these conductors secondary conductors. This process .pos- 
sessed the inconvenience of requiring an embarrassing deve- 
lopement of conductors, besides that of spreading a given 
quantity of electricity over a very great surface, and of 
exposing it by this means to a rapid loss by the contact of 
the air. 

The principle of disguised electricities has furnished the 
means of attaining the same end, avoiding also the incon- 
veniences, that we have pointed out; and this by permitting 
a greater quantity of electricity to accumulate upon a given 
surface than that with which it would be charged naturally. 

In order that we may obtain a better idea of the manner 
by which this result is obtained, let us return to the apparatus 
that we employed when demonstrating the principle; and let 
us put the disc A in communication with the source of elec- 
tricity. Each of the points of this disc will acquire an elec- 
tric reaction equal to that of the source. Let us bring the 
disc B near, and touch it with the fingers. Immediately, in 
conformity with what we have seen, the greater portion of 
the electricity of A will be disguised, a certain quantity only 
will remain free, which, by diffusing itself throughout the 
surface, will determine in each of its points an electric reac- 
tion much inferior to the primitive ; but A, being in commu- 
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nication with the source, will be able to regain electricity in 
sufficient quantity, that the electric reaction in cach of the 
points of its surface will again become equal to that of the 
source. À new decomposition of the natural electricity of B 
is brought about, and a new disguise of that of A; but at each 
operation the quantity that remains free will become greater, 
because it is the same proportion of the total electricity for 
the same distance of the two discs: the greater the total amount 
of the absolute quantity becomes, the more also does the pro- 
portional quantity increase. When this free quantity shall 
have become such that of itself alone it gives at each of the 
voints of the disc À an electric reaction equal to that of the 
source, it will then have arrived at the limit of possible accu- 
mulation. The disc A will contain, at this moment, a total 
quantity of electricity, composed of two elements, namely, the 
disguised portion and the free portion, the electric reaction of 
which latter is equal to that of the source, and will be that 
with which the disc would be charged, were it not under the 
influence of B, namely, had it remained in the ordinary con- 
ditions. 

We have therefore succeeded in condensing into A a much 
more considerable quantity of electricity than would have 
been accumulated in it by simply placing it in communication 
with the source. We have then merely to remove A from 
B, in order to make the disguised part free, which then adds 
itself to that which is not so; and then to obtain, on each 
element of the surface of A, an electric reaction very superior 
to that of the source, from which, however, it had been 
charged. The condensing power of the apparatus is the 
relation existing between the total quantity of electricity with 
which the plate is charged, when it is under the influence of 
B, and that with which it is charged when it is not under 
this influence. In order to obtain this relation, we have 
merely to determine with the proof-plane and the torsion 
balance the electric reaction of a point upon the surface of 
A when, being under the influence of B, there is only a feeble 
portion of its electricity that is free, and when, being out of 
this influence, the whole of the electricity with which it is 
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charged has become free. This mode of determination cannot 
be applied to the case in which the electricity possessed by. 
the apparatus is very feeble, — the case, too, of most im- 
portance ; for the portion that is free is too inconsiderable for 
the proof-plane to be sensibly affected by it. In this case it 
is better, when the two discs are separated, to touch them 
successively with the proof-plane, and 80 to determine the 
relation existing between their total charges. By means of 
this relation, and by a very simple calculation, we are enabled 
to arrive at that existing between the total electricity with 
which the disc A is charged, and the quantity of electricity 
that it retains in the free state, when it is under the influence 
of B; which was what we wanted to know. 

The condensing power is the greater as the insulating 
stratum by which the discs are separated is thinner; but it 
must not be sufficiently thin to allow the two electricities to 
unite through this stratum. And here it is that we must 
distinguish between the two ends proposed with condensing 
apparatus. One of these ends is to endeavour by their action 
to make manifest on the electroscope amounts of electricity, 
whose reaction would be too feeble to act directly upon it; we 
must therefore have as thin an insulating stratum as possible ; 
because, on the one hand, the condenser must be as powerful 
as possible, and, on the other hand, there is no risk, if the 
material of the stratum is very insulating, of the two electricities 
being sufficiently intense to overcome its resistance. This 
kind of apparatus has acquired the especial name of condenser. 
The second end is to accumulate, with as powerful a given 
source as possible, as large a quantity of electricity as we can, 
in order to produce great effects. The insulating stratum 
must in this case be thick enough and of sufficient insulating 
power to oppose an adequate obstacle to the energetic tendency 
to unite, possessed by the two electricities. In this case 
glass is employed, because its homogeneous structure prevents 
our running the risk, as in a thin stratum of insulating 
varnish, of solutions of continuity ; and because also, even 
when it is very thin, it preserves its insulating property. 
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This second kind of apparatus is named, according to the 
form that is given to it, the magic picture or the Leyden jar. 


Condenser. 


The condenser was invented by Volta; it was originally 
formed of a wooden dise covered with gummed silk, and of a 
metal disc furnished with an insulating handle, and which is 
placed on the wooden dise. The metal plate is put in com- 
munication with the source of electricity, it plaÿs the part of 
the disc À ; the wooden plate plays that of the disc B; and the 
gummed silk is the thin insulating stratum which prevents 
the immediate recomposition of the two clectricities accumu- - 
lated upon the two plates. When the metal plate has bcen 
charged it is raised and is carried to the electroscope, which 
indicates the nature and, up to a certain point, the intensity of 
the electricity of the source. 

The gold-leaf condenser is the one most generally used, and 
it is so named because it is adapted to a gold-leaf electroscope 
(Fig. 50.). It is composed of two metal 
plates, nicely adjusted, of not less than 6 
inches, nor more than 1 foot in diameter. 
One of these plates is screwed on the 
exterior extension of the metal stem of 
the electroscope by which the gold 
leaves are supported; the other is pro- 
vided with an insulating handle, fixed 
vertically at its centre, and is placed 
upon the former, s0 as exactly to cover 
it. The two plates have been coated on 
their surface in contact with several 
layers, successively applied, of a very 
liquid varnish formed of a solution of 
gum-lac in alcohol. This varnish, in 
drying, forms a pellicle, whose thickness does not exceed 335th 
part of an inch, but which is suficient to prevent the re- 
composition of the electricities, when they are not very strong. 
The plates are thus almost in contact, and the disguise of the 
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electricity is as complete as possible; and the condensing 
power of this apparatus is very considerable, but it can only 
support very feeble charges, which, indeed are all it is intended 
to receive. It is important that the two plates be fitted to 
each other as accurately as possible, and, consequently, that 
their surfaces be very even. For this reason there is a limit 
to the size of these surfaces that cannot possibly be excceded, 
because their construction would become too difficult, in 
consequence of the condition we have pointed out: the mani- 
pulation also would be very troublesome ; for it is essential 
that we should be able to raise the upper plate easily, and should 
take care to raise it perpendicularly, without exercising any 
friction against the other, which of itself would be a source of 
electricity, and would consequently interfere with the results. 
This reservation being once made, it is advantageous to have 
the largest possible surface, because the quantity of electricity 
accumulated is proportional to this surface. Experiment has 
demonstrated that we cannot exceed a foot in diameter without 
falling into the inconveniences, that we have just now pointed 
out. The plates are generally of brass, and, if possible, of gilt 
brass, so as to be protected against the chemical action of the 
moist air, and of the vapours and liquids, with which they may 
have occasion to come in contact, Electrical signs are some- 
times found on separating the two plates, even although there 
may be no electrical source in communication with either of 
them. This error is due to a small quantity of electricity 
arising from preceding experiments, which has penetrated into 
the layers of varnish, and which is not got rid of without some 
difficulty. In order to remove it, we must place-a very thin 
sheet of tin-foil between the two discs, and leave it there until 
we have satisficd ourselves that, after having been placed in 
immediate contact with each other, the plates liberate no 
trace of electricity by the mere fact of their separation, It is 
essential always to determine this absence of spontaneous 
electrical signs, before making an experiment. 

For greater convenience, the source of electricity is gene- 
rally placed in communication with the upper plate of the 
condenser, which is termed the collector ; and the lower plate 
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is touched with the finger. When the two plates are separated, 
it is the electricity of the lower plate, now become free, that 
affects the electroscope ; but we must not lose sight of the 
fact of its being of a contrary nature to that of the upper one, 
and consequently to that of the source subjected to experi- 
ment. Before beginning a second experiment, we must not 
forget to discharge both the plates by touching them with the 
fingers ; and, generally, we must never leave them charged, 
especially when they are in contact, because the electricity, 
that they retain, penetrates into the layers of varnish, from 
which, as we have seen, it is a very difficult matter to 
expel it. 

We have entered into minute details of the condenser, 
because it is an electrical apparatus most commonly in use, and 
is at the same time one of the most delicate: by its assistance 
Volta succeeded in showing that a plate of zinc, when held in 
the hand, and put into contact with the upper plate, charged 
it with negative electricity, —an experiment that was the 
origin of the discovery of the voltaic pile When this ex- 
periment is made, care must be taken that the zinc plate be 
well cleansed, especially in the points where it touches the 
disc. In like manner, we can charge the plate with positive 
clectricity by interposing between the plate and the zinc plate, 
which is still held in the hand, a disc of cloth or paper 
slightly moistened with salt water. In each case we must 
not neglect to touch the lower plate with one of the hands, 
whilst the zinc plate is held by the other in contact with the 
upper plate. 

The experiments that we have just quoted, and the other 
delicate experiments in which the condenser is used, require 
the air of the room in which the operation is carried on to be 
as dry as possible, or at least the electroscope and all the 
pieces of which it is constructed to be well protected from 
moisture. With this view, the whole is covered with a glass 
cage, in the interior of which chloride of calcium is placed, in 
order to produce the dryness (Fig. 50.) 

M. Peclet has still further increased the sensibility of the 
condenser by adding to it a third plate, interposed between 
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the other two; and he has named his apparatus the multiplying 
condenser (Fig. 51.) The lower plate, as before, is screwed 
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Fig. 51. 


upon the electroscope; the second is furnished with an in- 
sulating handle, and is varnished on its two faces; the third, 
which is varnished only upon its lower surface, is pierced at 
its centre with a hole, within which is sealed a glass tube that 
serves as an insulating handle, and at the same time affords a 
passage to a glass rod, forming the insulating handle of the 
second. We can thus easily superpose the three plates, and 
successively raise the third and the second. In operating, we 
put the source in communication into the third, and touch the 
second with the finger by means of a small metal appendage 
that forms part of its border. Then, this being charged, we 
raise the third and touch the first with the finger : the electri- 
city of the second is thus found almost entirely disguised ; it 
is charged again by replacing the third, which is still in 
communication with the source; the third is then to be 
removed, and the first to be touched, and s0 on, until the 
electricity of the second can no longer be disguised by the 
first We then remove first the third, and then the second, 
and the first is found to be charged with a considerable amount 
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of free electricity, and of the same nature in this case as that 
of tho source; for it is of the contrary nature to the electricity 
of the second plate, which is itself different from that of the 
third, which receives its charge directly from the source. It 
in cnsy to comprchend that this apparatus condenses a second 
time tho product of a former condensation; and thus very 
fecblo sources of electricity may be rendered sensible. But, 
like all the instruments, it is too delicate and rather dangerous 
in its use, and is morcover very tedious and inconvenient in 
manipulation,  Ît must therefore be reserved for exceptional 
canva, and bo only used with the greatest precaution We. 
“out add, that the plates employed by M. Peciet for the 
conatruction of his condenser are made of roughened glass, 
ground with great care, and covered with gold-leaf, which is 
applied without cement, it being suffcient to moisten the 
surfuce of the glass slightly with the breath. It is not 
nocessary to remark that the same apparatus that serves as a 
multiplying condenser may be employed as a simple con- 
denser. For this purpose, we have merely to remove the 
third plate, and the second, being furnished with its insulating 
handle, is put in direct communication with the source by 
means of the appendix affixed to its edge. 


Magic Picture and Leyden Jar. 


The magic picture, called also the sparkling pane, consists 
of a panc of glass, the two faces of which are coated with a 
sheet of tin-foil (Fig. 52.), care being 
taken to leave bare upon each of the 
faces of the glass pane an edge of 2 or 
3 inches in width, so that the contrary 
electricities accumulated on the sheets of 
tin-foil cannot unite immediately by the 
edges of the sheets. One of the sheets of 
tin-foil is put ‘into communication with 
the source of electricity, and the other 
with the ground. Then, when they are 
charged, the two plates may be connected by means of a dis- 
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charging rod, and a very vivid spark is obtained. This ap- 
paratus is termed the sparkling pane, because metal filings, 
secured to the glass by gum, are sometimes substituted for 
one of the metal sheets : now, when the charge is made in the 
dark, there arises on the face so coated a brilliant light, pro- 
duced from the sparks which escape between all the grains 
of metal, at the moment of the neutralisation of the two elec- 
tricities. 

The Leyden jar is nothing more than a magic picture made 
into a cylinder ; the insulating stratum is also of glass; but, 
instead of being a plane surface, 
it has the form of a cylinder or 
bottle (Fig. 53.) One of the 
shects of tin-foil is on the out- 
side of the bottle, and is termed 
the outer coating of the Leyden 
jar ; the other is withinside, and 
is termed the inner coating. This 

{ latter receives electricity by 
Fig. 53. means of a metal rod, terminated 
on the exterior by a knob, and in the interior by a cluster of 
wire, which, diverging by virtue of their elasticity, come thus 
into contact with the metal coating. The rod is fixed by 
means of a plug of wood or cork, through which it passes 
tightly, and which is itself inserted firmly into the neck of 
the jar. A thick coating of wax covers the cork and the 
exterior part of the glass, surrounding it so as altogether to 
prevent the possibility of a reunion between the electricity of 
the exterior coating and that of the inner coating and of the 
rod that is in connection with it. In order to charge the jar, 
it is held in the hand by the outer coating, and the knob is 
presented to the conductor of the electrical machine. The 
positive electricity of the machine penetrates to the inner 
coating, decomposes through the glass the natural electricity 
of the outer coating, the positive of which goes into tbe 
ground through the hand and the body of the operator, and 
the negative of which is disguised. At the end of the opera- 
tion there remains a small quantity of free electricity upon 
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the inner coating, as an electroscope indicates. If, after 
having carefully placed the jar 
upon an insulating support, we 
draw this away with the fingers, it 
is manifested under the form of a 
small spark ; and, as soon as it is 
gone, the balls of the electroscope 
fall down, while the electroscope, 
placed in communication with the 
outer coating, indicates the presence of free electricity upon 
this coating (Fig. 54.). 

The free electricities of contrary natures, possessed by the 
two coatings, may be made manifest by placing between the 
two knobs, with which they are each in communication, the 
pith ball of an electric pendulum; being attracted by the 
free electricity of one of the 
knobs, this ball comes into 
contact with it, and is elec- 
trised by contact; being im- 
mediately repelled, it gocs to 
the other, charged with a free 
{ electricity of a contrarÿ na- 
ture; then it loses its own 
electricity, and is charged with 
that of the second knob, by 

Fig. 55. which, being repelled, it re- 
turns to the former, and s0 on (Fig. 55.) Thus the ball 
executes between the two knobs a series of oscillations, which 
may be prolonged for several hours, at the end of which, the 
two coatings having lost their electricity by this succession 
of small discharges, the phenomenon ceases. The pith ball 
is sometimes constructed in the form of a spider, of which it 
is itself the body, and small very fine wire are the limbs; on 
which account this apparatus is called the electric spider. If, 
instead of employing the pith-ball, the two knobs of the jar 
are touched successively with the finger, the discharge is 
brought about by a series of small sparks arising from the 
portion of electricity alternately made free on each of the 
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coatings; but it is only after having drawn a very consi- 
derable number of sparks that we succeed in completely dis- 
charging the jar. Ît is important in this experiment to take 
care never to touch the two knobs of the jar at the same time, 
which might casily happen if both hands were employed; we 
should, under such circumstances, ourself serve as the course 
for the reunion of the two electricities that are accumulated 
upon the two coatings, and we should experience a violent, 
and often a dangerous, shock. It is also with a view of 
avoiding this inconvenience that it is essential to place the 
Leyden jar, when it is charged, upon an insulating stool ; for, 
if we merely place it on an ordinary table, we are in the 
route that the two clectricities of the two coatings would 
pursue at the moment we touch the knob ; as they are now 
scparated by conducting bodies alone, 

To show the different electricity with which the two 
coatings of a Leyden jar are charged, Faraday employed two 
concentric cylinders made of metal gauze, separated by a 
stratum of air about ? in. thick, and resting on a base of 
resin. The exterior is put in communication with the ground, 
while the interior is charged with electricity. They are 
touched successively with the proof-plane, and are found 
charged cach with a different electricity. Care must be 
taken not to touch the exterior cylinder on its inner surface, 
nor the interior on its outer. 

The inner coating of a Leyden jar is casily charged with 
negative electricity. For this purpose we have merely to 
hold it by the knob, and let the electricity of the machine 
arrive on its outcr coating; but in this case we must take 
care, after the Jar is charged, to place it upon an insulating 
support; for if, while holding it by the knob, we were to 
place it upon a table, we should receive the whole of the dis- 
charge, 

There is a very elegant experiment, for which we are in- 
debted to Lichtenberg, and which is called Zichtenberg'e 
figures, that makes manifest without an electroscope, and in 
a directly visible form, the nature of the electricity with 
which the inner coating of a jar is charged. This experiment 
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consists in slowly passing over a cake of resin the knob of a 
Leyden jar, while the outer coating is held in the hand ; we 
may even trace figures with the knob. The free electricity 
of the inner coating,. which is constantly renewed in pro- 
portion as it escapes, because the other coating is held in the 
hand, remains adhering to all the points of the cake which 
the knob has touched. If, after having thus traced out lines 
with the knob of a jar charged interiorly with positive elec- 
tricity, we trace others beside them with the knob of another 
jar charged with negative electricity, we may render each of 
them visible and distinct by powdering the cake with a 
powder formed of a mixture of sulphur and red lead, that 
have been rubbed together. We perceive that all the par- 
ticles of sulphur place themselves upon the positive lines, and 
all those of red lead upon the negative; and they remain ad- 
hering there, even when we blow them, or shake the cake 
strongly, so as to make the portion of the powder disappear, 
which is not upon the parts of the surface, that had been touched 
by the knob. The effect that we have just described arises 
from the molecules of sulphur during their mutual trituration 
having acquired negative electricity, and those of red lead 
positive ; and which causes the former to pass upon the posi- 
tive traces, and the latter upon the negative. We also 
remark that the sulphur forms a small tuft round each of the 
positively electrised points ; whilst, on each of the negative 
points, the red lead leaves only a circular spot. This phe- 
nomenon, establishing as it does a very remarkable difference 
between the two electricities, is due to a more general cause, 
which we shall study hereafter. 

The property that we have thus recognised in resin, of 
retaining both electricities adhering to its surface, is not 
peculiar to this substance alone; all bodies that are insulators 
possess it in a more or less marked degree. We have already 
seen that it exists in glass when we electrised the interior of 
a glass jar to produce the dance of pith balls. A Leyden jar, 
the contents of which are movable, furnishes a further proof 
of this. The glass jar in this case has a widening or conical 
form; the inner coating is of tinned iron, and fits accurately 
into the jar; the outer coating is also of the same material, 
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and the jar exactly fits into it. The jar is charged as usual ; 
then, with an insulating glass handle, the inner coating is 
lifted away, and afterwards the glass itself is lifted out ; the 
two coatings, being thus detached, manifest no electrical 
signs. The two electricities have in fact remained adhering 
to the glass, the positive on the interior surface, and the 
negative on the exterior. These two electricities are re- 
covered again by replacing the jar within its outer coating, 
and placing within it its inner coating ; the discharge takes 
place between the two coatings as if they had not been de- 


The fact that we have just pointed out explains why a 
Leyden jar always retains electricity after a first discharge; 
even when the latter has given rise to a strong spark, we 
can obtain a second discharge, much weaker, it is true, than 
the former, but yet very sensible, and sometimes indeed 
exceedingly violent, if the jar is large and has been strongly 
charged. This second discharge arises from a portion of the 
two electricities having remained adhering to the glass after 
the first discharge, notwithstanding the contact of all the 
points of the two surfaces of the jar with the metal surfaces ; 
but the second discharge is generally sufficient to make all 
the remaining traces disappear. 

To terminate the details relating to the Leyden jar, we may 
add a few words on the origin of its name, which is connected 
with the history of its discovery. In 1746, three philosophers 
who were assembled at Leyden, Muschenbroeck, Allaman, and 
Cuneus, having endeavoured, by means of a 
metallic rod, to introduce electricity from a 
machine into water contained in a bottle 
(Fig. 56.), in order, as they said, to try and 
store up this agent, were very much fright- 
ened when one of them, whilst holding the 
bottle in his hand, and touching the metal rod 
that was thrust into the water, received a very 
violent shock. This experiment made a great 
stir ; its effects were singularly exaggerated : adventurers, who 
spread themselves throughout Europe, gained their livelihood 
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by repeating it under various forms. The primitive apparatus, 
in which it is easy to see that water filled the office of the 
inner coating, whilst the moisture with which glass is always 
covered discharges the function of the outer coating, was soon 
perfected and brought to the present form, which it has 
always preserved ; and this long before its theory was dis- 
covered. 
Electric Batteries. 

In the same manner as with the condenser, the total quantity 
of electricity that may be accumulated upon a Leyden jar 
with a given source of electricity, depends upon the extent of 
its surface, or rather of the surface of its coatings. In fact, 
the charge attains to its limit only when each of the points of 
the surface of the coating, in communication with the elec- 
trical machine, has a quantity of free electricity whose reac- 
tion is equal to that of the source. We have therefore 
endeavoured to give to Leyden jars the greatest possible 
amount of surface: some have been constructed which are as 
much as 12 or 15 inches in diameter, and from 20 to 24 
inches in height. But these larger jars, besides being very 
inconvenient to manage, and being exceedingly expensive on 
account of the higher price of vessels of the desired dimensions, 
have this inconvenience also, that the glass will easily break 
if its contexture is not perfectly homogeneous. In fact, it 
needs but present some flaw, and consequently one part more 
feeble than the rest, for the two electricities that are accumu- 
lated on the two coatings to obey the powerful tendency 
which directs them towards each other, and unite through 
this point by breaking the glass. It is therefore preferable to 
unite together several jars of a moderate size, by establishing 
a metallic communication between all their interior coatings, 
and a similar one between all their exterior coatings. This is 
what constitutes an electric battery ; which, however, must not 
be confounded, it is evident, with a voltaic battery or pile. 

Each battery is generally composed of four jars, but some- 
times of nine or of twelve (Fig. 57.). The jars are placed in a 
case lined with tin-foil, upon which they rest, and which serves 
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to establish a communication betwcen all the exterior coatings : 
the interior coatings communicate 
together by means of small metal 
rods, which connect the respective 
knobs. The discharge is made by 
means of a chain, or of a metal wire 
fixed by one of its extremities to 
the tin-foil of the case; and its 
other extremity is brought near to 

Fig. 51. the knob of one of the jars by 
means of an insulating handle or a discharging rod. It is 
easy to understand how several batteries may be united s0 
as to form but one, as several jars may be united s0 as to 
form one battery. 

Whether there be but one battery or several batteries under 
experiment, it is always a long and tedious operation to charge 
them; for this purpose, we must have a good electrical 
machine, and must have it in action for some minutes at least. 
For accelerating this operation, it has been suggested, for 
charging each jar of a battery, to make use of the positive 
electricity developed by induction in the outer coating of the 
others, and which is generally lost in the ground. 

With this view, each jar of the battery is placed upon an 
insulating and independent support, and they are s0 arranged 
that the knob of each is in metallic communication by means 
of a chain, or simply by immediate contact with the exterior 
coating of the preceding one (Fig.58.) The knob of the 





Fig. 58. 


first is in communication with the conductor of the machine, and 

the outer coating of the last with the ground. It follows, from 

this arrangement, that the positive electricity from the outer 

coating of the first jar, instead of being driven away into the 

ground, serves to charge the second by penetrating into its 
15 
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inner coating ; that the positive electricity of the outer coating 
of the second charges the third; and so on to the last, the 
outer coating of which, being in communication with the 
ground, parts with the positive electricity, that is developed in 
it by induction. We see that, by this means, which is called 
charging by cascade, we are able to charge any number of 
Leyden jars with the quantity only of electricity that is 
necessary to charge butone. But, when the jars are charged, 
if we would accumulate the effect of the discharge upon 
the same point, we must suppress the communications that 
are established between the outer and inner coating of each 
jar: this is done by removing with an insulated handle the 
conductors by which this commuication is established, or by 
withdrawing the jars from each other. We must, further- 
more, make all the interior coatings communicate together, 
which is also done by properly arranging 
conducting rods or wires by means of an in- 
sulated handle. A similar communication is 
to be established between the outer coatings ; 
—a result which may also be obtained with- 
out the employment of conductors, by putting 
the jars tolerably close to each other, s0 that 
the outer coatings may come into contact, 
We have then a battery charged and ready 
for operation; but we must use care and 
skill in making these various arrangements, 
s0 as to avoid discharging the jar, and espe. 
cially receiving the discharge oneself. 

In order to know the moment at which 
either a Leyden jar or a battery is sufficiently 
charged, the inner coating is put into com- 
munication with a quadrant electroscope, 
the movable stem of which describes a 
greater or less arc of a circle by the effect of 
the free electricity possessed by this coating. 
In general, we cease giving electricity to the 
inner coating, when its free electricity is 
capable of making the movable stem of the 
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electroscope describe an angle of 45° or 50°; or, better still, 
when we sec that this angle ceases to increase, —a proof 
that the charge has attained its limit. In this kind of 
experiment, we use with advantage Harris’s circular electro- 
meter, which depends upon the same principle as that of the 
quadrant, but which is more sensitive and more accurate 
(Fig. 59.). 

As the divergence of the electroscope depends only upon 
the quantity of free electricity that is found upon the interior 
coating, it furnishes no datum as to the intensity of the total 
charge of the jar or the battery : this charge may be measured 
by means of the greater or less distance to which the spark 
darts between the knob of the inner coating 
and a similar knob communicating with 
the outer coating. The apparatus that is 
used for estimating these distances is called 
Laneës Discharging Electrometer (Fig. 60.). 
A bent glass arm comes from the rod that 
penetrates into the interior of the jar, and 
itself carries an horizontal stem, terminated 
at one of its extremities by a knob, which 

Fig. 60. is facing and at a short distance from the 
knob of the inner coating, and communicating by its other 
extremity with the outer coating. This horizontal stem is 
made to advance gradually, until the two knobs are sufficiently 
near for the electric spark to pass between them. The 
distance at which the discharge takes place is thus measured 
very accurately ; but we should not lose sight of the fact, that 
it must depend not simply on the intensity of the accumulated 
electricities, but also on the degree of humidity and of the 
rarefaction of the air; and it is only as the latter element is 
constant, that the former may be estimated with any ac- 
curacy. When, therefore, we employ this means for com- 
paring relative power of different Leyden jars or electrical 
batteries, we must operate, as much as possible, under the same 
atmospheric circumstances, 

Cuthbertson’s Discharging Electrometer is an apparatus, which 
of itself brings about the discharge when the jar or battery 

18 





118 STATIC ELECTRICITY. PART IL 


have attained the limits of their charge. An insulating sup- 
port carries a metal stem, formed like the two arms of the 
beam of a balance, of two equal branches, movable about a 
central axis. These two branches, which communicate with 
the inner coating and with a quadrant electrometer, are each 
terminated by a knob. Beneath the knob of one of the 
branches, but at a sufficient distance to prevent the discharge 
taking place, is another similar knob, placed at the extremity 
of a metal rod, which communicates with the outer coating. In 
like manner, beneath but very near to the knob of the other 
branch, there is also another knob placed at the extremity of 
a metal rod, which is fixed to the same support as the movable 
rod in metallic communication with it, and consequently also 
with the inner coating. When the electric charge of the jar or 
the battery has attained its limit, the repulsive force which the 
free electricity of the inner coating impresses upon the two 
approximated knobs that are both in communication with it, 
drives the movable one from the fixed one, and consequently 
brings, at the same time, the knob of the opposite branch 
nearcr to the fixed knob that communicates with the outer 
coating. This approximation determines the discharge at the 
moment when it has reduced the distance by which the two 
knobs are separated to the explosive distance of the apparatus. 
A slightly different form is sometimes given to the apparatus, 





Fig. 61. 


but the principle of its construction is the same. Fig. 61. 
represents them both. 
Finally, another apparatus that is indispensable for experi- 
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ments made with electric batteries, is Henley's Universal 
Drischarger (l'ig. 62.). It consists of two insulating supports 
of the same height, and placed on the same stand at a dis- 
tance of 10 or 12 inches apart. Each of them carries at its 
upper extremity a universal joint, to which is fixed a small 
metal tube, within which a metal rod slides very tightly. 
The two rods may thus be 
placed in all directions; and 
their extremities, when they 
are placed opposite to each 
other, may be withdrawn to 
any distance. Between the 
opposite extremities of these 
Fo. 69 two rods are placed the bodies 

ts that are to be traversed by 
the discharge, as a piece of wood, a pane of glass, metal leaf, 
&c., by laying them upon a small support which may be 
raiscd at pleasure ; one of the ends is then made to commu- 
nicate with the vuter coating of the battery, and a communica- 
tion is established between the other and the inner coating by 
means of a discharging rod with glass handles, or by Cuth- 
bertson’s discharging electrometer. 





Some Effects of Leyden Jars and Electric Batteries. 


Before terminating this Chapter, we will describe some of 
the most remarkable effects, that may be produced with the 
Leyden jar and electric batteries, although the phenomena 
that result from the transmission of electric discharges throngh 
different media can only be studied thoroughly in the Fourth 
Part of this work. 

The shock which s0 powerfully affected the philosophers of 
Leyden was, immediately after the discovery of the Leyden 
jar, the phenomenon that was mostly studied. It was re- 
marked that it could be transmitted through a file of men 
forming a chain, namely, holding hands, the first of whom 
took hold of the jar by its outer coating, while the last touched 
it by the knobs ; an entire regiment, ranged in array, were 

14 
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subjected to this trial; and, it is said, they were all struck 
down by a single blow. In this experiment, it was observed 
that the men who were in the middle experienced a less 
violent shock than those who touched the jar. In experiments 
of this nature we must employ the charge of a single jar only ; 
a battery would be dangerous, and might occasion serious 
accident. In fact, it has been observed that it does not require 
very strong batteries to kill birds, rabbits, and even animals 
of larger size. 

The calorific effects of the jar and batteries are numerous, 
and of very various kinds. Thus, with the discharge of a 
single jar, ether, alcohol, or cotton powdered with a mixture 
of rosin and lycopodium, is easily inflamed. For this purpose, 
it is necessary that the inflammable substance be placed in 
a metal capsule, communicating with the outer coating by 
means of a wire or a metal chain, whilst the knob is brought 
near to the substance itself. At a certain distance the spark 
passes and inflames this substance by traversing it, provided 
it does not form too thick a layer. Gunpowder may in like 
manner be inflamed by placing it in a cartridge about a 
fifth of an inch in diameter and a couple of inches long, and 
by introducing through its two ends two iron wires, which 
approach its centre at a short distance from each other, and 
between which the discharge passes. It frequently happens 
that the powder, if it is fine, is dispersed by the effect of the 
discharge, instead of being inflamed. To avoid this incon- 
venience, we should place in the route of the discharge a tube 
full of water, or cotton or paper impregnated with moisture. 
The presence of this moist conductor, by diminishing, as it 
seems, the velocity or instantaneity of the discharge, gives it 
time to inflame the powder. 

With the discharge of a battery we are also able to ignite, 
to melt, and even to inflame very fine wires placed between 
the two opposite extremities of the rods of the universal dis- 
charger. The length that may be given to the same wire 
depends upon the power of the battery. If it is an iron wire, 
it is seen to dart into small metal globules, which are thrown 
afar. Tin wires also give rise to a similar phenomenon, in 
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which, if the discharge is still more powerful, they disappear 
under the form of a fine white powder, similar to a vapour. 
It is the result of the oxidation of the tin. Gold reduced into 
wire or thin leaves is also, as it were, volatilised by a powerfal 
discharge ; at least, it rises in the air in the form of a reddish 
vapour. This property is made use of to produce electrical 
prints; a pattern is cut in a card, to the two extremities of 
which is cemented a band of tin. The pattern is covered on 
the one side by a sheet of gold leaf which touches each of 
the tin bands by one of its edges; and, on the other side, by 
a silk ribbon itself resting by its other side upon a sheet 
of pasteboard; the gold leaf is also covered with paste- 
board. The whole system is placed in a press to ensure 
contact. The discharge of the battery is then made to pass 
through the gold leaf by means of the two tin bands; the 
gold is heated and oxidised; and, as it cannot escape into 
the air, it passes through the holes of the pattern, and forms 
upon the ribbon a print of a reddish-brown colour, which is 
very regular, and which produces the image of the pattern 


(Fig. 63.). 





Fig. 63. 


Strong discharges produce upon masses of metal two kinds 
of coloured rings, which appear to arise from the high tem- 
perature to which the surface of these metals is exposed, at 
the place where the electricity traverses them. Priestley 
made a particular study of these circles of fusion, which 
he attributed to a partial liquefaction brought about by the 
heat. 

What characterises more particularly the discharging of 
electrical batteries, is their mechanical or molecular effects. 
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À glass plate, if placed between the two ends of the arms 
cf the discharging rod, is pierced by the discharge : to prevent 
the electricities uniting by making the tour of the plate, the 
surface of which is always more or less moist, and by this 
means shghtiv conductible, it is necessary that the portion 
through which we would make the discharge pass, should be 
surrounded on its two faces by a belt of wax in the form of a 
ring: a drop of oil, placed in the centre of the ring, facili- 
tates also the success of the experiment. À piece of dry wood, 
or a stone, mar in like manner be split into fragments by a 
dischange traversing them. À card is also pierced ; but if 
the extremitv of the two rods that lead the discharge are not 
cxactlv opposite to each other, the hole is made opposite to 
the point that brings the negative clectricity. It is also to be 
remarked, that the hole presents burrs equally on either side, 
as if the electric fluid had come from the middle of the card 
to escapo by its two faces at the same time, This very extra- 
ordinary effect has greatly engaged the attention of philo- 
suphers ; it appears to arise, as we shall see, from the electric 
discharge not actually occurring by a finite movement of 
tranalation, but rather by a series of small molecular vibratory 
movements. 

When the air is traversed by an electric discharge, it 
undergoes a very marked agitation ; and an instanta- 
neous expansion, if the phenomenon occurs in a closed 
vessel This may be proved by means of Kinnersley's 
Thermometer (Fig. 64.), which consists of a glass tube, 
closed at its two ends, and of a lateral tube, in which 
a liquid riscs that gives the measure of the expansion. 
The discharge is made between two metal balls, that 
penetrate into the tube. 

With regard to the luminous effects, properly so 
Ç called, and which are not due to a simple incandescence 
My. 64. of wires, they are gencrally manifested under the 
form of a spark, nearly similar in intensity, but greater than 
that which is drawn from an electrical machine, and sus- 
coptible, like the latter, of presenting the very varied ap- 
[AUU'ANCCS, that we shall study hereafter. We shall confince 
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ourselves to quoting here a beautiful experiment, which 
consists in passing the discharge of a battery through a metal 
chain of several yards in length, suspended by silk cords 
from the ceiling of a room: at the moment of the discharge, 
this chain is illuminated in its whole length by the effect of 
the sparks passing from one link to the other. 
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CHAP. V. 


THEORY OF STATIC ELECTRICITY, AND DIVERS FACTS CONNECTED 
WITH IT: DI-ELECTRIC BODIES. 


Properties of the two Electric Fluids. 
WE have thus far explained all the phenomena of static 
electricity, setting out on the supposition that electricity is 
composed of two extremely subtile and imponderable fluids ; 
that the particles of each of these fluids mutually repel each 
other, whilst those of one of the fluids attract those of the 
other. The experimental laws that we have established 
enable us now to enter with more precision than we have done 
into the properties of the two fluids. Thus, by attributing to 
the fluids themselves the property that we have recognised in 
the bodies that contain them, we are able to admit that the 
force with which the particles attract and repel each other is 
in inverse ratio to the square of the distance by which they 
are separated. We must in like manner lay down as a 
principle, that bodies, in the natural state, contain an equal 
quantity of both fluids in each of their particles; and that if 
they cannot exercise any action on surrounding bodies, it is 
that at the same distance the attractive power of one of the fluids 
& equal lo the repulsive power of the other. We can demonstrate 
this principle experimentally by rubbing together two glass 
plates, the one polished, the other roughened. We bring an 
electroscope near to them, after having rubbed them, but 
without separating them, and we observe no effect; we 
separate them, and then find on the roughened face of one of 
the plates a strong charge of negative electricity, and on the 
polished surface of the other a strong dose of positive electri- 
city. These two surfaces had been electrised by their mutual 
friction; the one had acquired a certain quantity of positive 
electricity, and the other an equal quantity of negative; but 
the insulating property prevented the two electricities neu- 
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tralising each other, notwithstanding the contact of the two 
faces : the nullity of the exterior action, so long as the contact 
remains, is therefore the proof that the two electric strata 
situated at a same distance from any body, if they are equal 
and of the contrary nature, exercise upon this body two effects 
that neutralise each other. 


Theoretic Explanation of the Distribution of the Electric Fluids 
on the Surface of Insulated conducting Bodies. 


The general fact, established by experiment, that electricity 
distributes itself entirely on the surface of an electrised con- 
ducting body, is a natural consequence of the mutual repulsion 
of all the particles of the same fluid, and of the facility they 
possess of moving in the body. When arrived at the surface, 
they accumulate; and, if they do not quit it, it is because 
they are retained there by the air or by the insulating 
supports, which oppose themselves to the tendency they would 
have to escape by virtue of their mutual repulsion. They 
therefore form there an excessively thin stratum, which does 
not sensibly penetrate within the surface of the body; for, 
however thin the metal envelope of a hollow sphere may be, 
electricity is never found there on touching it interiorly. 
With regard to the stratum, its exterior surface is evidently 
the same as that of the body, but its interior surface varies 
with the form of the conducting body. In a sphere it is 
similar to the exterior, because all points have the same 
electric charge; whilst in non-spherical conductors, upon 
which, as we have seen, the distribution of the electricity is 
never uniform, we may suppose, that to the most highly 
charged elements of the surface corresponds a stratum either 
of greater thickness or of greater density. As considerations 
of another kind seem to prove that the electric fluids are 
incompressible, we prefer to admit the former of these two 
hypotheses ; thus the electric stratum would be terminated 
in the interior by a surface, whose form would be slightly 
different from that of the exterior surface, at least when non- 
spherical bodies are in question. This form may be established 
à priori, setting out, as we have done, from certain principles 
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of mechanism, and from the definite and precise properties of 
the electric fluids. As thus: 

The stratum is in equilibrio ; for its state does not change 
as long as the body preserves its electricity, and remains 
protected from all exterior influence. The figure of the 
stratum, therefore, is that which results from the equilibrium 
of the repulsive forces of all the molecules of which it is 
composed, by supposing them subject to the law of the inverse 
of the square. This is not all: it must be such that the 
stratum exercises neither attraction nor repulsion; or, in 
other terms, no action upon any point placed in the interior 
of the body. In fact, if it exercised an action, it would 
decompose the natural electricity of the point upon which it 
acted ; this electricity, developed by induction, would react in 
its turn upon that of the body, and there would be a change 
in its electric state, which does not take place, since the 
introduction of a new body into the interior of an electrised 
body in no degree changes its electric state. Thus the 
equilibrium can subsist only as long as the resultant of all the 
repulsive forces upon an interior point is equal to zero. By 
means of these conditions we are enabled to determine the 
relations which ought to exist between the intensities of the 
repulsive forces in different points of the surface of an elec- 
trised conducting body; or, which comes to the same thing, 
the thicknesses of the electric stratum ; and we obtain results 
perfectly in accordance with those, to which Coulomb arrived 
by experiment. In this manner we find, for a sphere, that the 
stratum is torminated interiorly by a spherical surface ; for 
an cllipsoïd, that it is by an ellipsoïd surface, whose greater 
axis is to its smaller in exactly the same relation as those 
of the exterior surface ; so that the stratum goes on increasing 
in thickness from the extremities of the small axis, where it is 
at its minimum, to the extremities of the large axis, where it 
inntits maximum. 

By applying mathematical analysis to the principles of 
mechanies and physics that we have just laid down, M. Poisson 
han succccded in determiming, à priori, the thickness of the 
electric stratum for the different points of the surface of a 
conducting body of any form; he has donc the same for two, 
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or for several bodies in contact, as well as for the case when 
the bodies are simply subject to their mutual influence. 
However, this determination has been made, in a rigorous 
and complete manner, only in the cases of an insulated 
sphere and an cllipsoïd, and in that of two spheres in 
contact ; for the other cases, Poisson has merely indicated the 
general method, without having given its application. We 
must then take account of the electricity, developed by 
induction, which modifies the electric state of each body ; but 
this modification, which occurs at the very instant when the 
bodies are placed in presence, does not prevent the electric 
state becoming permanent, s0 long as the latter do not change 
their place. It is further necessary, in order that this per- 
manent state of equilibrium should remain, that the resultant 
of the actions exercised, upon any point taken in the interior, 
by the fluid strata which covers them, should be equal to 0. 
This condition furnishes, in each case, as many equations as 
there are conducting bodies under consideration ; and these 
equations serve to determine the variable thickness of the 
electric stratum on the different points of these bodies. 

It follows, from this mode of looking at the phenomena of 
static electricity, that the office of a conducting body consists 
simply in determining in the air, for the electric fluid, a 
vessel of which it is, so to speak, itself the mould; and the 
boundaries of which are the stratum of air that envelopes it, 
Free to travel in this vessel, the electric fluid distributes itself 
entirely towards the insulating sides, against which it is re- 
tained, exercising, however, a pressure from within outwards, 
against which the atmospheric pressure resists. This pressuro 
depends at once on the number of particles included in the 
stratum; consequently, on its thickness, and on the repulsive 
force exercised by the particles of the exterior surface, — a force 
which is itself proportional to this thickness. The pressure is 
therefore in a ratio composed of the thickness of the stratum 
and of the repulsive force of the surface, or proportional to 
the square of the thickness. It necessarily follows from this, 
that the pressure of the electric fluid against the air may be 
very different in certain points to what it is in others, ac- 
cording to the form of the body on which the thickness of 
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the stratum depends; and may even become infinite in one 
point in respect to that experienced by other points. It may 
hence happen that this pressure may surpass, in some parts of 
the body, the resistance opposed to it by the air; the air then 
gives way, and the fluid passes away, as it were, through an 
opening. This takes place at the extremity of points, and on 
the sharp edges of angular bodies ; for it has been demon- 
strated that, at the summit of a cone, the pressure of the 
electric fluid would become infinite if the electricity could be 
accumulated there. 

It is impossible for us to give here a more complete idea of 
M. Poisson’s labours, which are entirely within the domain of 
pure mathematics. We shall confine ourselves to adding that 
Mr. Plana took up a portion of the subject treated of by 
M. Poisson, in a memoir on the distribution of electricity on 
the surface of two insulated conducting spheres, published at 
Turin in 1845. He examined the different cases that may 
be presented by the problem: that in which the spheres are 
in contact ; that in which they are separated by any interval ; 
that in which this interval by which they are separated is 
very small in comparison with the distance of their two 
centres. Mr. Plana has, in like manner, demonstrated in a 
more rigorous way certain admitted principles on the rela- 
tions between the thickness of the electric curve, and the 
forces which emanate from it; as well as the theory of the 
proof-plane, against which objections had been made. In 
this great work, which is the fruit of a very deep mathe- 
matical analysis, the mass of the electric matter, and the 
form that it assumes, are the only elements taken into con- 
sideration. The calculation is completely independent of 
the cause, whatever it may be, which retains free electricity 
on the surface of conducting bodies. Mr. Plana, in a note 
which terminates his researches, shows that we may demon- 
strate à priori, by the simple general fact that free electricity 
distributes itself on the surface of conducting bodies, that the 
law of its repulsive force must be that of the inverse ratio of 
the square of the distance. This very elegant demonstration, 
which is based solely on a result of observation, replies vic- 
toriously to Sir Wm. Snow Harris’'s objections against the 
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law discovered by Coulomb; at least when it is circum- 
scribed, as we have said, to the case of simple physical points. 


Theoretic Explanation of the Movement of electrised Bodies ; 
and the Electric Mill 

The repulsion and attraction of electrised bodies is a con- 
sequence of the repulsion and attraction exercised upon each 
other by the two electric fluids. In fact, if the electrised 
bodies are of an insulating nature, the fluids, not being able 
to separate themselves from the ponderable particles to which 
they are united, draw them with them in their attractive or 
repulsive movements ; at least, when the electricity is not too 
feeble, or the bodies are not too heavy to obey these actions. 
But if the two bodies are conductors, —if, for example, they 
are pith-balls, we must refer to atmospheric pressure in order 
to explain their movements. Since the two balls have the 
same electricity, immediately they are brought near to each 
other their electricities repel each the other ; and being able 
to travel freely, they arrange themselves into the most re- 
mote portions of the balls. There they each form a stratum 
which, acting exteriorly in a contrary direction to the atmo- 
spheric pressure, diminishes its effect; whilst this pressure ex- 
periences no resistance on the interior portions of the surface 
of each ball, from which the fluid has been driven. Being 
more pressed upon by the atmosphere from within outwards, 
than inwards from without, the two balls separate. When 
they have a contrary electricity, the two electricities convey 
themselves, by virtue of their mutual attraction, into the 
portions of the surface of each ball that are nearer to each 
other ; and these diminish the effect of the atmospheric pres- 
sure, which, not being counterbalanced on the exterior part 
of the surfaces, drives the balls one towards the other. We 
can imagine that the same explanation is applicable to the 
case in which there is only one movable ball opposite to a 
fixed electrised body ; it is equally applicable to the case in 
which the movable ball is not electrised ; for, as we have 
already seen, it is first electrised by induction, and the action 
takes place between two bodies both electrised. 
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Finally, there is another case of movement in electrised 
bodies that we have not yet described, and which merits 
cspecial mention, on account of the interest it presents in a 
theoretical point of view. It is that which is realised by a 
small apparatus, known under the name of the electric mull. 

The electric mill consists of a thin stem of metal, whose 
two ends are pointed, and bent in an opposite direction, and 
which is itself balanced upon a pivot by means of a cap 
fixed to its centre of gravity. The pivot is put into commu- 
nication with the conductor of an electrical machine, and, as 
soon as the latter is in action, the stem acquires a rapid 
rotatory movement, as if the extremities of the points were 
powerfully repelled. In this experiment the electric fluid 
that is spread over the surface of the stems of the mill, 
exercises everywhere a pressure on the surrounding air; if 
it found no escape, the opposite pressures being always equal, 
the apparatus would remain at rest. But it escapes by the 
points, where it overcomes the atmospheric pressure ; and, as 
it no longer exercises any pressure on the orifice of escape, 

- the pressure, which continues to be exer- 
cised on the opposite point, causes the move- 
ment by a true recoil, analogous to that pro- 
duced by liquids or gases upon reacting 
machines during their escape. We shall: 
return to this explanation, for it is not al- 
together free from certain objections ; and 
we shall see that the experiment of the 
electric mill is probably connected with a 
more gencral phenomenon of dynamic electricity. Four or 
five branches, instead of two, are 
given commonly to the electric 
mill (Fig. 65.); the form of the: 
experiment may also be varied 
by making, for example, a stem 
that is terminated by two points 
turned in opposite directions, as- 
cend along two wires by the ef- 
fect of the escape of clectricity (Fig. 66.). 








Fig. 66. 
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ÆExamination of the Part attributed to atmospheric Pressure, in 
the Phenomena of static Electricity. 


The part attributed by theory to atmospheric pressure in 
the phenomena of static electricity, is not free from all objec- 
tion. Some facts that we are about to relate are but little 
favourable to it M. Becquérel succeeded in developing by 
friction, and in maintaining under vacuum, a notable quantity 
of electricity in a gold-leaf electroscope. Although the air 
had been rarefied to ,/,th of an inch, the gold leaves remained 
diverging, and consequently retained free electricity, for more 
than two days. It is very difficult to admit that the small 
quantity of air remaining in the recciver had been able to 
exercise a sufficient pressure to produce this effect. 

Hawksbee and Gray had also observed that electrised 
bodies attract light bodies, as well in vacuo as in air ; but, aa 
they were insulating bodies, we can prove from this nothing 
very positive against the action of atmospheric pressure, 
when conducting bodies are concerned. It is not the same 
with the experiments recently made by Sir W. Snow Harris. 
This philosopher had fixed a copper ball, of two inches in 
diameter, at the extremity of an insulated metal rod; and, 
after having placed it in the centre of a receiver, had put it 
in communication with an electroscope by another rod ; he 
then gave to the ball a quantity of electricity such that tho 
deviation of the electroscope was 40°. This divergence was 
maintained even when £$£ths of the air had been removed 
from the receiver. The result was the same when the elec- 
troscope itself was placed under the receiver, and when it was 
electrised directly by means of an insulated metal rod com- 
municating with the exterior. The divergence did not vary 
even when the air was reduced by $£ths of its original density. 
In both cases the gold leaves of the electroscopes gradually 
approached, when an insulated metal ball was brought near 
to the electrised body ; but they separated again when the. 
ball was withdrawn: this was evidently a simple effect of 
induction, In all these experiments the interior of the bell- 
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glass must be well dried by chloride of calcium, or any other 
substance of the same kind. . 

The facts that we have just related show, that if the air 
retains electricity on the surface of bodies, it is not by virtue 
of the pressure it exercises, but rather by virtue of the in- 
sulating power which depends on its very nature. The air 
and gases act, therefore, as an insulating stratum of resin or 
gum-lac; and, as in the most perfect vacuum, bodies still 
retain at their surface a film of air that remains adhering to 
them: this circumstance would explain how it happens that 
electric phenomena are manifested even in vacuo. Ît is true 
they are never s0 intense as in air; and the electricity cannot 
be maintained beyond a certain intensity upon the surface of 
bodies so circumstanced ; but this would simply be a proof 
that the insulating power of air is less when the gaseous 
stratum by which the body is covered is reduced to a great 
degree of thinness, and the density of the air that remains in 
the receiver is diminished. Sir W. Snow Harris has observed 
that the attractions and repulsions between electrised bodies 
take place in vacuo as they do in air; a further proof of the 
error we should commit by admitting atmospheric pressure to 
play a part in these phenomena. This fact, on the other hand, 
is very well explained by admitting that the electricities are 
retainod, in the portions of the surfaces where they are dis- 
tributed, by the insulating effect of the film of air that remains 
adjacent, and in no degree by atmospheric pressure: once 
retained at the surface by this cause, as they would have been 
by a coating of varnish, they are no longer able to obey their 
mutual attraction or repulsion, except by drawing with them 
the bodies themselves, if their mass is not too great. This ex- 
planation, even though it should not be based upon observations 
made in vacuo, would seem to us in every case preferable to 
that in which atmospheric pcessure is made to intervene ; this 
intervention being implicitly founded on a purely hypothetic 
idea, namely, that electricity is a fluid of the same kind, and 
about the same tenuity as air and 

Further, while still believing that the electric effects ob- 
served in vacuo, as well as others no less curious, of which we 
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shall speak hereafter, are due to the film of air that remains 
adhering to the surface of bodies, we by no means wish to 
pretend that conducting bodies have not for themselves the 
property of preserving, or rather of coercing, on their surface 
a certain dose of electricity, feeble, it is true, but nevertheless 
sensible. This is a delicate point, to which we shall have 
occasion to return hereafter. 


ÆInductive Power of di-electric Bodies. 

If the theories that we have unfolded seem to be defective, 
as far as concerns the part which they attribute to atmospheric 
pressure, they are now attacked by another class of facts, 
which tend to nothing less than to overthrow them entirely 
by leading to the denial of actions at a distance, and replacing 
them by molecular or contact actions. Before unfolding the 
theory to which Mr. Faraday has been led by these facts, let 
us study the facts themselves, as discovered by this philo- 
sopher ; we shall then be in a better condition to appreciate 
the degree in which they must modify, if, as we think, they 
do not entirely overthrow, the theories founded upon the 
labours of Coulomb and Poisson. When an electrised body 
acts by induction upon a conducting body, there always exists 
between the two bodies an insulating medium, generally a 
stratum of air, sometimes a plate of glass or a plate of resin. 
To this medium there had never been attributed any other 
than a passive part; that is to say, it was only regarded in 
the relation of the obstacle it opposed to the reunion of the 
contrary electricities of the two bodies ; the only difference 
that was established between the different media was, that 
some, being endowed with a greater insulating property than 
others, permitted the two electrised bodies to be brought 
nearer to each other without there being an electric discharge 
between them. With regard to the effect of induction itself, 
it was admitted that it depended only on the distance by 
which the two bodies were separated, and in no degree on the 
nature of the interposed medium. Mr. Faraday has shown that 
things do not take place in this manner. The following is the 
fundamental fact, which serves as the basis of his researches. 

x 5 


134 STATIC ELECTRICITY. PAST IL 


- An insulatel disc À ia oloetriaod positively. Near to this 
dise, and at the sumo distance, av placed two other insulated 
discs, which are almilar to it, one on one side, which we will call 
8, the uthor on the other aide, which wo will call c. A acts by 
induction upon à and upon C3 and, if tho two latter discs 
are male tu connmunivate with the ground, they preserve only 
thoir nogative elootricity, which ia dinruised by the positive of 
A fn is lrought tuwanls 4, so that it becomes nearer 
than à is, the oleutiacope of h is immediately seen to indicate 
the presence «f x little positive electricity ; and that of c to 
show the juusence of à sinall quantity of negative electricity, 
which hus become free. This double effect arises from the 
inductive power of À upon B becoming greater than it was 
by diminishing the distance, whence there resulted the de- 
composition of a new quantity of electricity in B: now, since 
the communication of B with the ground has been inter- 
rupted, this disc preserves the positive electricity produced 
by this new decomposition, but the negative being attracted 
by the positive of A is disguised by it; it hence follows that 
a stronger proportion of the electricity of A being employed 
to disguise that of B, the proportion acting upon © becomes 
less, and consequently a part of the negative electricity that 
was disguised before becomes free. Hitherto the phenomena 
have occurred exactly as theory would have them. But if, 
after having restored things to their primitive state, namely, 
the two discs B and C to the same distance from A, we in- 
terpose a disc of gum-lac between À and B, we produce the 
same effect as if B had been brought nearer to A; that is to 
say, we increase the induction of A upon B The distance, 
however, as well as all the other conditions of the experiment, 
have remained the same; there is no other change than the 
substitution of a disc of gum-lac for the stratum of air, whose 
place it occupies. If a disc of sulphur is interposed, the same 
effect is produced, but in a still greater degree. Thus in- 
sulating bodies have a proper inductive capacity; and, as wo 
see, that of gum-lac is greater than that of air, and that of 
sulphur is greater than that of gum-lac. In order to cha- 
racterise this property, Mr. Faraday names the bodies, which 
possess it, di-electrics, in opposition to conducting bodies. In 
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fact, the interposition of a conducting body produces an 
entirely opposite cffect: if a metal plate, cither insulated, or, 
which is still better, communicating with the ground, be 
interposed between À and B, B immediately gives very strong 
signs of negative electricity, which arises from the induction 
ceasing to act upon it; its negative electricity, which was 
formerly disguised, becomes free. © also gives signs of 
negative electricity, because all its electricity can no longer 
be disguised by A, on account of the presence of the new 
metal plate ; and, consequently, a portion becomes free. Thus, 
to put a metal disc between À and B, corresponds to re- 
placing B by another disc nearer to A than it was, and 
consequently withdrawing it from the induction of A We 
see, therefore, that the effect which follows from the inter- 
position of a conducting plate has no relation with the effect 
produced with the interposition of a di-electric body. 

We have now to determine the inductive capacities or the 
relative inductive power of different di-electric bodies. With 
this view Mr. Faraday made use of Coulomb’s electric balance, 
having for a torsion thread a filament of glass, twenty inches 
in length, and of great elasticity ; at the cextremity of the 
movable lever is a gilt pith ball, three-tenths of an inch in 
diameter. The proof-plane is a similar ball. The substance 
submitted to proof is placed between two 
concentric metal spherical surfaces, the in- 
terior of which is provided with a metal 
handle, insulated so as not to communicate 
with the outer one: this forms a truc Ley- 
den jar, the insulating stratum of which is 
the di-electric substance, and the two coat- 
ings arc the spherical surfaces (Fig. 67.). 
There is a second apparatus, perfectly si- 
milar to the former, in which air alone 
serves as the insulating stratum bctwecn 
the two spherical surfaces. We begin by 
removing the di-electric body from the 
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of electricity is given to the interior spherical envelope, the 
exterior being put in communication with the ground; we 
then determine the reaction of the electricity that remains 
free on the interior surface, by touching with the proof-plane 
a knob, placed at the end of the rod, that communicates with 
it We find 250° for the angle of torsion: this is what Mr. 
Faraday found in his experiment, which is the one we take 
as our example. The two apparatus are then made to com- 
municate by their inner coatings, and are then separated : 
after their separation, 120° is found upon one, and 124° upon 
the other ; so that we may say that the electricity is equally 
divided between them ; and this is what we should expect, 
because they are perfectly similar in every respect. The 
same experiment is repeated, after having substituted in one 
of the apparatus a stratum of gum-lac in place of the stratum 
of air. We begin by charging the air apparatus as before; 
and find 290° as the angle of torsion, obtained after the 
contact of the proof-plane; communication is established 
between the interior surface of the air apparatus, and that of 
the gum-lac apparatus. Had this latter contained the stratum 
of air, as in the former experiment, we should have found, 
after the separation, 145°, or the half of 290°, on the interior 
coating of each apparatus; but the ‘substitution of gum-lac 
for air changes all the results We find only 114° for the 
charge remaining on the interior surface of the air apparatus, 
and 113° for the charge of the interior surface of the other. 
Now it is evident that the air apparatus, having a charge of 
only 114° instead of 145°, which it ought to have had, arises 
from a charge of 176°, being the difference between the total 
quantity 290° and 114°, having passed into the gum-lac 
apparatus: we ought, therefore, to have found 176° instead 
of 113° in this latter; and, as we find only 113°, it is because, 
induction being stronger through gum-lac than through air, 
a more considerable portion of the free electricity has been 
disguised ; in fact, the quantity of electricity, measured by 
the angle of torsion, which is the free quantity, ought to be 
less, in proportion as the inductive power is greater, or, 
which comes to the same thing, this power is the inverse of 
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the quantity that remains free. Thus, if we call 1 the in- 
ductive power of a stratum of air, and zx that of a stratum of 
equal thickness of gum-lac, and remembering that the 113° 
of charge, in the experiments which were given with the in- 
sulating stratum of gum-lac, would have given 176° with an 
insulating stratum of air, we shall have:—1:zx::113°:176°; 
whence, = =l 66. 

In order to verify these results, Faraday then made the 
inverse experiment: he began by charging the gum-lac appa- 
ratus; he then made it communicate by the inner coatings 
with the air apparatus He found, in this case, that the free 
electricity, with which each of the two apparatus were 
charged after their separation, was stronger than the half of 
the initial charge of the former. This result proves that the 
total quantity of electricity, with which the interior surface 
of the gum-lac apparatus is charged, is, under the same 
circumstances, much more considerable than that with which 
the air apparatus is charged, because the former, in giving to 
the latter a stronger charge than the half of the charge, 
which this latter would have acquired had it been charged 
directly, does not itself lose the half, but merely a more feeble 
proportion of its proper charge. The experiment made in 
this manner shows also that gum-lac has a stronger inductive 
power than air, and it gives the same numerical result for 
the relation of these two powers. Different di-electric bodies 
have been submitted to the same proof, always comparing 
them with air; the experiment upon each of them has been 
repeated several times, and the following results have been 
obtained. 


Specific inductive pouwers, that of air being 1. 


Glass - . . - - 1:76 
Gum-lac - - - = - 2-00 
Sulphur - . . e - 2-24 


The result of 2‘0 obtained for gum-lac is a little different 
from that which we found above; this is due to the stratum 
of gum-lac, in the experiment we have described being not 
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so thick as that of the air, with which it was compared. 
Faraday has found that, by supposing the thickness the 
same, the inductive power of gum-lac ought to be 2, and not 
1:50. 

Sir W. Harris has completed Faraday’s experiments: he 
gave to each substance the form of a disc of the same 
thickness, and he covered it on each face with a disc of tin- 
foil, one-half less in diameter. These were true magic 
pictures, with insulating substances of different natures. By 
operating in this manner he has drawn out the following 
table of the inductive power of these substances : — 

Air  - - = = 100 Glass - + - - 1-90 

Resin - . - - 1:77  Brimstone - - - 193 

Pitch - =  -  - 180 Gum-lac =  - 195 

Bees-wax  -  -  - 1:86 

Faraday has found that, among liquids, those which are 
the best insulators, such as turpentine and rectified naphtha, 
when submitted to experiment, have an inductive capacity 
superior also to that of air; but, in the experiment with 
hquids, we must operate on those alone which do not possess 
of themselves any conducting power, a property that would 
interfere with the results. 

The different gases have all been similarly subjected to 
experiments; they have been compared two and two, by 
placing once in one apparatus, and the other in the other. In 
like manner, the effect of air more or less rareficd has been 
compared with that of air maintained at the normal pressure ; 
also that of air maintained at 0°, with that of air heated from 
50° to 200°. As a result of these multiplied experiments, we 
have succeeded in detccting that all gases have the samo 
power and possess the same inductive capacity, and that the 
variations in pressure or in temperature, and consequently in 
density, do not produce any further effect. When the rare- 
faction of the gas arrives at a certain point, however, the 
discharge occurs between the two coatings; but, up to this 
moment, there is no change in its di-electric property. We 
may even give the apparatus so feeble a charge that the 
discharge does not occur, and we thus prove that, whatever 


CHAP. Y, THEORY OF STATIC ELECTRICITY. 139 


be the degree of the rarefactions of the air, its inductive 
capacity remains the same. 


Polarisation of Di-electrics, and molecular Theory of Induction. 


It follows, therefore, from the experiments we have related, 
that the nature of the insulating or coercing* medium through 
which the induction operates, exercises a marked influence on 
the phenomenon, and that this new element must be added 
to those which we have already recognised as having an in- 
fluence on its intensity, such as the greatness of the electric 
charge, the distance of the induced body and that of the 
inducing body. It is an effect that is due to an action proper 
to bodies; but what is this action? Faraday admits that 
it consists in the generation of molecular strata, alternately 
negative and positive, which succeed each other in the di- 
electric, and which constitute what is called its polarisation. 
However, some facts that had already been observed by 
Beccaria and other philosophers, and studied more closely by 
Faraday himself, by showing that electric charges may pe- 
netrate to a certain depth into coercing bodies, seem but little 
favourable to this hypothesis. Thus, two discs of spermaceti, 
after having been placed upon each other, were armed with 
metal plates so as to form a magic picture. The system 
was electrised and then discharged, and the two discs of 
spermaceti having been separated, it was found that the one 
upon which the positive coating was placed, possessed positive 
clectricity, and that the other was negative, like the coating 
which covered it. This experiment proved, in an evident 
manner, the fact of penetration. It is true to say that sperma- 
ceti is not a perfect insulator, and that this circumstance may 
explain to a certain point how the two electricities, being 
strongly attracted towards each other, have penetrated it in 
part. 

We have already seen, in the fact of the possibility or 

+ We shall frequentiy employ this word, which expresses the idea of a body 


acting'in a certain manner upon celectricity better than the word “ insulating,” 
which indicates only a passive or negative state. 
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removing the two coatings of a Leyden jar without dis- 
charging it, the proof of the adherence or of the penetration into 
glass of the electricities possessed by bodies in contact with it : 
we may draw the same conclusion, as far as resin is concerned, 
from the experiment of the Lichtenburg figures. However, 
these facts, while demonstrating that electricity accumulated 
upon the surface of an insulating body may penetrate it to 
a certain depth, greater or less according to the nature of 
this body, are not conclusive against the possibility of its 
polarisation. 

The following experiment of M. Matteucci seems, on the 
other hand, to prove in a positive manner the polarisation of 
coercing bodies. Many very thin plates of mica are super- 
posed and strongly compressed ; upon the two opposite faces 
of this kind of pile are applied two tin-foil coatings, so as to 
constitute a magic picture. After having charged it, the 
contings are taken away with an insulating handle, and the 
different plates of mica are then successively detached one 
froin the other. It is found that each of them has onc of its 
faces positive, and the other negative; the face in contact 
with the positive coating being positive, and that which had 
been in contact with the negative coating being negative. 
The intonsity of the electric charges goes on diminishing from 
the extreme plates, where they are at their maximum, to the 
middle plates, where they are at their mininum : this difference 
in probably duo to tho surfaces of the plates being found 
greater nt the oxtremities than at the centre of the system. 
Caro, howover, must be taken, in separating the plates from 
each other, to avoid all friction ; we discover, by direct means, 
that the simple fact of detaching them does not constitute 
thom in an electric state. The polarisation of insulating or 
coercing bodies seems to be proved by the experiment we 
have just related ; and it may equally occur, even though thcir 
insulating power is not sufficiently good to prevent their 
being penetrated to a certain depth by the electricity of a 
coating applied upon their surface. Setting out from the 
principle, that all insulating bodies are susceptible of being 
polarised, Mr. Faraday deduced the consequence, that it is by 
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their intervention that all the phenomena of induction are 
brought about, and that there is no action at a distance, or at 
least at a distance greater than that which separates two 
molecules that immediately follow each other. Most commonly 
it is the air whose polarised particles, like the plates of mica 
in the preceding experiment, transmit from one electrised body 
to another, which is not 80, the inductive effect of the former. 
It may, in like manner, be any other gas or insulating body ; 
but then the effect is transmitted in a better or worse degree, 
according to the inductive power of the body. This manner 
of regarding the phenomena differs essentially from that which 
we had hitherto adopted: in this latter, the insulating or 
coercing bodies only play a passive part, consisting simply in 
preventing the reunion of the opposite electricities, without 
themselves experiencing any modification in the electric state 
of their mass. 

To render the molecular polarisation of the contiguous par- 
ticles of a di-electric body visible, which cannot be the case 
when we arc acting upon air, we employ essence of turpentine, 
in which are placed filaments of silk about a tenth of an inch 
in length. The bottom of the vessel, in which the essence is 
placed, is of metal, and communicates with the charged con- 
ductor of an electrical machine : no effect is manifested until 
we bring near to the surface of the liquid a conductor held in 
the hand; but at the moment when this approach takes place, 
we see the filaments of silk arrange themselves in every 
direction, and unite end to end, s0 as to form an uninterrupted 
chain between the metal body and the exterior conductor, 
towards which they tend without touching it. 

These particles adhere strongly to each other, as we may 
discover by touching them with a glass tube; but imme- 
diately the conductor of the machine is discharged, they fall 
and go to the bottom of the vessel The filaments of silk 
represent the particles of the essence in which they float; and 
the polar state that they assume is similar to that of con- 
ductors insulated from each other, and placed under the same 
circumstances. In place of the filaments of silk we may put 
powdered sugar into the vessel, the particles of which in a 
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similar manner form a chain, which indicates their polar state, 
Small particles of gold leaf have also been placed in it, which 
arrange themselves in a similar manner, but which, on ac- 
count of their conducting nature, discharge themselves upon 
each other, as is indicated by the small sparks that are seen 
to glisten between them. 

If we regard the whole mass of a di-electric placed near 
+ an electrised body, we shall remark that each of its particles, 
according to the preceding theorv, must be in active relation 
not only with the particles which precede it, but with all those 
tbat surround it in all directions; from this there results a 
diffusion of forces‘in every direction, and the inductive lines 
of action along which polarisation is brought about, when 
they encounter no obstacle, tend to propagate from each par- 
ticle as from a centre ; they may even take a curvilinear direc- 
tion, when any obstacle is opposed to their free propagation. 

Faraday has endeavoured to verifÿ the accuracy of this 
Jatter conclusion, by proving directly from experiment that 
induction may be exercised in a curved line. With this 
view he took a cylinder of gum-lac 6 or 8 inches long, and 
about an inch in diameter. He fixed it vertically on a wooden 
foot, and placed a metal sphere of a diameter at least equal to 
that of the cylinder upon its upper extremity, which was ren- 
dered concave for this purpose. Then, having rubbed the 
gum-lac with watm flannel, in order to electrise it without 
touching the conductor, he touched with the proof-plance the 
different points of the metal sphere, electrised as it was by 
the induction of the negative electricity of the gum-lac. The 
proof-plane was always charged with positive electricity, at 
whatever point of the surface of the conductor it was placed, 
—a proof that no part of this conductor takes from the gum- 
lac by communication its negative electricity, and that it is 
only by induction that it is electrised throughout. We must 
always take care to touch the proof-plane whilst it is in contact 
with the spherical surface; but, according to the points of this 
surface with which it is in contact, it acquires a stronger or a 
more feeble charge. Thus, if we touch the spherical portion 
very near the cylinder upon which it is placed, there is a 
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charge of 512° ; by touching it on the summit, the charge is 
not more than 130°; and it is 270° if the contact takes place 
at a point equally distant from the summit and from the 
very point where the sphere rests upon the cylinder of gum- 
lac. These differences in the intensity of the electricity in- 
duced upon the different points of the sphere, not being able, 
according to Mr. Faraday, to be explained but by admitting 
that, since induction takes place by the intervention of the 
particles of air, itis necessarily more feeble at the points upon 
which it can exercise itself only along curved lines, such as 
the summit and surrounding parts, than it is at the nearer 
points upon which it exercises itself along straight lines, or 
along a very feeble curvature. 

Analogous and still more striking results are obtained by 
placing upon the cylinder, instead: of a sphere, a hemispherc 
or metal disc, the diameter of which is greater than that of 
the cylinder (at least double). If we touch the different 
points of the hemisphere with the proof-plane, we find that 
the charge which it acquires is less upon the points of the flat 
circular surface which terminates it above, than it is upon 
the lateral parts of the curved surface; and that it is at its 
minimum in the centre of this flat surface. But if we elevate 
the proof-plane itself vertically over the centre, the induced 
charge that it acquires becomes more considerable up to a 
certain height, beyond which it decreases. - When it is a disc 
that is placed upon the gum-lac cylinder, we obtain no signs 
of induced electricity by touching it at its centre; while the 
proof-plane is electrised by induction, if we raise it above this 
centre. 

From these various experiments, and especially from the 
latter, it follows that the induction does not take place through 
the metal; that it is, therefore, brought about by the inter- 
vention of the molecules of air, and along lines which, setting 
out from the different points of the gum-lac cylinder, curve 
themselves more or less around the sphere, the hemisphere, 
or the disc, in order to arrive at the point where, the plane 
being at the very centre of the disc, the curvature of the lines 
of induction is too strong for induction to be propagated to it. 
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The effects remain the same when the metal body that 
rests upon the gum-lac cylinder communicates with the 
ground by means of a wire passing through the axis of the 
cylinder. On the other hand, if the gum-lac is entirely 
surrounded with a metal envelope communicating with the 
ground, the whole of the effects cease to take place. 

Without concealing from ourselves the importance of the 
preceding. experiments, we cannot, however, regard them as 
leading necessarily to the conclusion which their author has 
drawn from them, namely, that induction is brought about 
by the intervention of particles of air, arranged according to 
curved or straight lines. In fact, it would not be impossible, 
as wo think, to explain, by the received theories of induction, 
and by resting upon the principles that we have established 
in the former chapters of this Second Part, the electric state 
of motal surfaces, placed upon the gum-lac cylinder, as 
detected by the proof-plane We recognise, however, that 
thero is a new point acquired to science, namely, that of 
the polarisation of the insulating body ; in this respect, the 
former experiments of Faraday, and those of Matteucci that 
wo huvo related above, establish it in a positive manner; 
if not for air and gases, at least for solids and liquids. With 
royal to air and gases, we shall find in phenomena of 
another vrder, namely, those that relate to discharges, a 
dennnatration, ÎLE not direct, at least sufficiently proving the 
betatuti minute then of this polarisation. Considerations of 
Hits kim nas Follow from Mossottis labours, with which we 
ahull be oveuplod further on. 


Faraday's general Theory of Static Electricity. 


Setting out from the preceding facts, Mr. Faraday lays 
down as a principle, that an absolute electric state, whether 
positive or negative, cannot exist in a body; but that every 
electrised body always finds near to it, either in the insulating 
or conducting bodies with which it is surrounded, a contrary 
electrical state to its own, which makes induction a general 
phenomenon. This general condition, to which all electrical 
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phenomena are subjected, possesses a great analogy with the 
fact of the action and reaction of mechanical bodies. Thus, 
a steel spring presents to us the example of a body susceptible 
of exciting a force as soon as an exterior agent renders it 
evident. The condition which the action of the spring must 
obey, is to exercise itself to the same degree in two opposite 
directions. If we compress or extend the spring, we perceive 
its action and its reaction ; not only do we thus establish the 
existence of two opposite forces at its two extremities, of 
which one must be regarded as positive, the other as ne- 
gative; but we shall perceive that each intermediate section 
of the spiral is in a similar state of action and reaction, or, 
which comes to the same thing, in a kind of polar state. In 
estimating the sum of the forces we measure it in a certain 
direction ; and we are compelled to admit that the sum of 
these forces, in the opposite direction, is equal to the former. 
It must be the same with electricity. All the phenomena of 
positive and negative electricity may probably be explained 
by the action and reaction of a force capable of being mani- 
fested in different degrees in dif- 
ferent substances, more simply than 
by the hypothesis of imponderable 
fluids. The two opposite forces of 
electricity resemble in fact action 
and reaction, in that they always 
accompany each other. 

The following is an experiment 
which, in fact, shows that the elec- 
tricity developed by induction is 
contrary, and perfectly equal in in- 
tensity, to that which developes it. 
An insulated and electrised ball is 
placed in the interior of a cylindrical 
jar, the dimensions of which are 

Fig. 68. very great, in relation to those of 
the ball (Fig. 68.). The jar communicates with a gold-leaf 
electroscope, which diverges immediately that the electrised 
ball is introduced within; the ball is then made to touch the 
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jar, and it loses its electricity, and the electroscope diverges 

neither more nor less than before. This experiment proves 

that the electricity which is induced by the ball and that 

which it possesses are exactly equivalent in quantity and in 

power, whatever be the position of the ball in the interior of 

the jar; whether it be nearer or farther from the bottom or 

the sides, the divergence of the electroscope is the same. Instead 

of a single jar, three or four may be placed concentric and 

insulated from each other by plates of gum-lac, which separate 

the bottom of each of them from 

the bottom of the succeeding jar 

(Fig. 69.), the electroscope still com- 

municating with the outer surface 

of the outer jar: the effect is exactly 

the same as if there were only one 

jar; it is also the same if the four 

jars are in metallic communication 

with each other. When a gum-lac 

or a sulphur jer is introduced in 

place of the inner jar, leaving still a 

OT inctal jar outside and the electrised 

ball in the centre, not the slightest 

change occurs in the divergence of 

the gold leaves of the electroscope 

Fig. 69. of the outer jar. We see, therefore, 

by this experiment, that the principle laid down above, of the 

equality of the two forces that constitute the two electricities, 

is general; for it is verified in very different cases, and 

notably in di-electrics, such as gum-lac and sulphur, of an 

inductive power very different from that of air. Another 

manner of demonstrating the same principle is to introduce a 

small electrised sphere into the centre of a hollow unelectrised 

and insulated sphere. The electricity which the latter ac- 

quires by induction is, as the indications of an electroscope 

show, exactly equal to that which it acquires by communi- 

cation on being placed in contact with the small interior globe, 
which has remained electrised. 

By applying his theoretical ideas to other and different 
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phenomena of static electricity, Faraday is led to admit that 
the tendency of electricity to distribute itself on the surface of 
conducting bodies is more apparent than real; and that the 
experiments which prove that there is not in fact any free 
electricity, except at their surface, are easily explained in 
another manner. No electric charge, according to his theory, 
can be manifested in the interior of a body, on account of the 
opposite directions of the electricities in each of the interior 
particles ; whence the resulting effect is null: whilst the 
induction exercised by exterior bodies renders the electricity 
sensible on the surface. From this manner of regarding it, 
electricity must show itself only on the surface of a conducting 
envelope, whatever be its conductibility or the insulating 
property of the substance placed within Faraday, in fact, 
demonstrated this by strongly electrising oil of turpentine, 
placed in a metal vessel There was no apparent electricity 
except on the exterior surface of the vessel. He also con- 
structed a cubical chamber twelve feet square, the wooden sides 
of which were covered outside with tin-foil: he insulated it ; 
then, after having introduced into it electroscopes and other 
objects, he electrised the interior air with a strong machine. 
No trace of electricity was manifested within, whilst con- 
siderable sparks and luminous brushes darted off in all 
directions from the exterior surface. While these experiments 
complete those of Coulomb, in which he operated only upon 
conducting bodies, they render the explanation that was given 
rather improbable, since it was based upon the free pro- 
pagation of electricity in the conducting mass; whence it 
followed that this electricity distributed itself entirely on the 
surface. When once the phenomenon has occurred in the 
same manner with insulating bodies placed interiorly, this 
explanation is not tenable. 

With regard to the influence of form upon the quantity of 
electricity accumulated at the surface of bodies not spherical, 
it would always depend, according to Faraday’s theory, upon 
some points of the surface being exposed to a greater amount 
of inductive forces than others. Thus the extremities of a 
cylinder, or of an elongated ellipsoïde, would be more strongly 
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electrised than the rest of the surface, because there go from 
them a greater number of filaments of polarised particles, 
establishing with surrounding conductors the communication 
necessary for induction. À point is far superior in this 
respect; for it is the centre whence emanate, in all directions, 
the lines of inductive force, which, for example, when a ball 
is in question, are found distributed over a greater extent, 
and do not set out from a single point only, but equally from 
all points of its surface. 

In the theory that we have been explaining, the mutual 
repulsion of bodies charged with the same electricity is only 
apparent; it is called into existence because there is no 
electricity on the nearer surfaces, and because each of the 
bodies is attracted in opposite directions by the surrounding 
bodies, upon which induction determines an electrical state 
dissimilar to their own. We may even prove, by means of 
the proof-plane, that the two gold leaves of an electroscope, 
when they are diverging, have no electricity on their interior 
surface, whilst they are strongly electrised exteriorly, however 
thin they may be in other respects  Repulsion is also 
explained by attributing it to the attraction exercised upon 
each of the two gold leaves by the contrary electricity, de- 
veloped by induction, in the strata of air in contact with their 
exterior surface. This mode of action of the air is much 
more natural and more probable than that in which it is 
regarded as determining repulsion by the greater pressure from 
within outwards, than inwards from without, which it exercises 
upon electrised bodies. However, the experiments which show 
that repulsion takes place in vacuo as well as in air, would 
seem to be equally contrary to these two explanations, except 
that, in the former, we admit the effect by induction of the 
ambient bodies, even when they are placed at a great 
distance. 

Faraday was not contented to follow out the consequences 
of his theory, as far as the phenomena of static electricity 
alone are concerned. He followed them out equally in the 
effects of dynamic electricity, of which indeed he made the 
happiest applications. He studied and classified the different 
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modes in which electrical discharges take place between 
bodies charged with a different electricity. He particularly 
showed that the return, as far as electricity is concerned, to 
a state of equilibrium, of the polarised particles of di-electric 
or coercing bodies constitutes discharge, and is the origin of 
the greater part of the phenomena that accompany it, such, 
especially, as the rupture of these bodies. He has farther 
shown that, although the inductive capacity is in no degree 
modified in gases, by a difference in their nature or their 
density, the distance at which the discharge with a spark can 
occur is extremely influenced by the physical state of the 
medium, as also by its chemical nature. Density, in par- 
ticular, has this influence, that the limit of the charge that an 
insulated conducting body may acquire depends on the number 
of the particles of the ambient di-electric, to which this charge 
may be communicated by induction ; the fewer there are, the 
more quickly we attain to the limit. It would also appear 
that, for an equal number of particles, they experience the 
effects of induction more or less rapidly, according to their 
nature. But this subject, and all the details connected with 
it, will be treated upon in the Fourth Part; we shall not 
detain ourselves with it any longer at present. 

We have thus laid down Mr. Faraday’s theory of the 
phenomena of static electricity. Although it still has need of 
being more precise, it deserves, however, even in its present 
state, to draw the serious attention of philosophers. It has in 
its favour, as we shall sce, the establishing a more intimate 
connection between the phenomena of static and those of 
dynamic electricity ; it seems to be based upon a sound 
principle, namely, that electric actions are never manifested, 
except by the intervention of material particles; finally, it 
tends to bring about a remarkable approximation between 
electric forces and the other forces of nature. M. Mossotti, a 
learned mathematician, by the application of calculation and 
of the laws of mechanics, has already succeeded in explaining 
by this theory, in a satisfactory manner, the laws discovered 
by Coulomb, and which Poisson had connected with the theory 
of two imponderable fluids. However much we may recognise 
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the application of this latter theory, we cannot yet completely 
admit the new ; in other words, we cannot, in the incontestible 
fact that the insulating medium that separates two bodies, 
between which electric induction is exercised, modifies this 
action and is itself influenced by it, —we cannot see in this 
the demonstrative proof that induction is exercised by means 
ofit. Could it not happen that, induction having determined 
at a distance an electric state in a body different from that 
existing in the inducing body, these two contrary electricities 
would modify the electric state of the particles interposed upon 
the line that separates them, as in their turn they may be 
modified by these particles ? What would make us incline 
to an explanation of this kind, is the difficulty of conceiving a 
power of induction emanating indifferently in all directions 
from an electrised body, like a species of radiation; whilst we 
know by experience the very great influence that the presence 
of a conducting body, placed in a certain position, exercises 
over the direction of this emanation. It is true that Faraday 
and the partisans of his theory reply to this objection by the 
experiment that we have quoted above, of the small electrised 
sphere, placed in the centre of the large one, and by certain 
considerations, drawn from the reaction that the conducting 
body, when exposed to the influence of an electrised body, 
must in its turn exercise over this body. But we do not 
believe, notwithstanding these replies, that the principle of 
radiation of the inductive power in every direction indifferently 
is demonstrated. The effects that occur in vacuo, as we have 
already saïd, equally appear to us as a very strong objection 
against the theory that denies all action at a distance; unless 
we suppose that the particles which remain even in the most 
perfect vacuum are sufficient to explain the phenomena that 
occur, which appears scarcely probable. Furthermore, the very 
obscure and curious part that vacuum plays in electrical 
phenomena will also in the Fourth Part form the subject of 
a close examination ; for it is intimately connected with the 
effects of electric discharges. 

The objections that we have been offering against Faraday’s 
theory are confirmed by some recent researches that Matteucci 
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has made on the propagation of electricity in solid insulating 
bodies ; and as the result of which he arrived at conclusions 
different from those of Faraday, upon the part played by these 
bodies in the phenomena of induction. He has satisfactorily 
proved that, in insulating bodies, there is developed in presence 
of an electric body a molecular electric state, according to 
which each molecule of the insulating body has the two 
contrary electric states developed on its opposite faces. This 
molecular electrisation is manifested in a different degree by 
the different insulating bodies: it is this which is the cause, 
for example, of sulphur and resin exercising an unequal 
attractive power upon the same electrised pendulum: more- 
over, it is developed or ceases at the very moment when the 
presence of the electrised body commences or ceases. The 
molecular electric states may destroy each other; and the 
electricity may propagate itself either on the surface or in the 
interior of insulating bodies ; the insulating power consists 
precisely in the greater or less resistance opposed by bodies 
that are endowed with it, to the destruction of the molecular 
electric states by the entry or the escape of the electric fluid 
from the molecules themselves ; in no case can celectricity 
penetrate into the molecules of an insulating body without 
having overcome the repulsive force of the electricity of the 
same kind that is found upon the molecules themselves. 

All the experiments by means of which M. Matteucci 
arrived at the results that we have been enumerating were 
made by means of apparatus similar to Coulomb’s balance ; 
but the details of the construction of which corresponded with 
the particular object he had in view. It is easy, in particular, 
to prove the propagation of electricity in the interior of an 
insulating body. A cylinder of stearine or one of sulphur 
having been placed in contact with the conductor of the 
electrical machine in action, and then rubbed on its surface, 
gives signs of negative electricity; being then placed upon 
a conductor, it ceases to give them; and, in a little time 
afterward, it gives signs of positive electricity. Moreover, 
Faraday, by making use of discs of spermaceti, had already 
proved this penetration of electricity into insulating bodies. 
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The first and the most important of Matteucci’s experiments 
is that which he made with insulating plates fixed by sealing- 
wax to glass rods 4 in. long, and which he introduced suc- 
cessively, holding them by this stem, into the interior of the 
cage of a Coulomb’s balance, having its two electrised balls 
divergent. The insulating plate was introduced s0 that its 
centre was in contact with the fixed ball, the electric reaction 
of which it diminished at the end of a few seconds. And 
the ball in contact with the plate having lost a certain 
quantity of electricity, which has diffused itself upon the plate, 
the repulsive force that remains after the contact, when com- 
pared with that formerly existing, must in each case give the 
measure of the electricity that has passed into the insulating 
plate. Many experiments, made with plates of sulphur, showed 
that the greatest loss occurs with the thinnest plate, and the 
one that has the least surface ; whereas, while the contact 
lasts, the electric force is the less, as the mass of the insulating 
plate is the more considerable. So that we must not confound 
this latter force with that which remains after contact has 
occurred ; which may, according to circumstances, be greater 
or less than the former. 

In comparing the effects obtained with plates of different 
natures, we find very variable results with glass, which is 
always more or less hygrometric ; and, on the other hand, very 
constant results with gum-lac and sulphur, which produce the 
same loss of electricity upon an electrised metal ball, when 
touched by them. A glass plate, covered with a coat of gum- 
lac varnish, produces the same effect, providing the coating 
be at least -55 in. thick. Other experiments were made by 
putting the plate between two contrary electric charges, or, 
in other words, by using plates of different natures as the in- 
sulating stratum between the two coatings of a magic pane. It 
was by operating in a very similar manner that Faraday, and 
after him Harris, found differences between different bodies, 
with regard to their influence upon the charge of the two 
coatings, and determined their specific inductive power. 
M. Matteucci, thinking that these differences are due only to 
differences in the propagation of the electricity, either upon 
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the surface or at a very small depth in the interior of the 
bodies, formed, with this in view, an insulating plate, hollow 
within, formed of plates of mica, secured together with gum- 
lac. The surface of this plate was about 4 sq. inches, and it 
was a kind of box; its interior surface was covered with a 
layer of gum-lac ;} in. thick: it consisted then, in fact, of a 
stratum of air ? in. thick, interposed between two plates of 
mica covered with gum-lac. After having operated with this 
plate, M. Matteucci introduced into it melted sulphur, which 
thus formed a stratum of sulphur ;% in. thick, substituted for 
the stratum of air : the results were exactly the same in both 
cases, They were also the same with a plate of sulphur and 
one of flint-glass, covered with a layer of sulphur ;?, in. thick, 
— with a plate of gum-lac and one of sulphur, covered with a 
layer of sulphur ;! in. thick. 

All these results would seem to prove that the differences 
found by some philosophers with insulating plates of different 
natures, employed for forming magic panes, are not due to 
a specific inductive power. În fact, we see that a certain 
insulating plate produces the same effects as another different 
one, provided that the surface of the former plate is formed of 
a layer of the same insulating material as that of which the 
whole of the second is composed ; but it is necessary that the 
layer which is added should possess a certain degree of thick- 
ness, in order that its effects shall be similar to that of a plate 
formed entirely of the same substance as this layer. It is 
therefore to differences in the propagation of electricity, either 
at the surface or in the interior of different insulating bodies, 
that we must have recourse, according to Matteucci, in order 
to explain the phenomena observed by Faraday and by 
Harris. 

The observations that we have just reported are unques- 
tionably of a nature to cast some doubt upon the part played, 
according to Faraday, by insulating bodies in the phenomena 
of induction of static electricity. But, although we may 
recognise with Matteucci that electricity penctrates into in- 
sulating bodies, it is difficult for us to admit with him that the 
_electricity diffused over their surface, and propagated into 
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their interior, returns on the instant to the surface of this 
body, when it is covered with a metal plate in communication 
with the ground. The subject deserves, therefore, being 
further studied ; in any case one point is gained, for it is to be 
deduced from all the experiments :—it is that of molecular 
polarisation, which has been demonstrated in insulating bodies, 
and which is probably the mode of the propagation of elec- 
tricity equally in conducting bodies. In this respect Faraday’s 
theory, although presenting in its details many objections, ap- 
pears to us to rest in the main upon a perfectly just principle. 

We shall return to this subject in the Fourth Part, when 
we are engaged upon electric discharges and their effects. 
There exists, in fact, between the molecular induction, that 
belongs to static electricity, and the discharges, that are one 
of the phenomena of dynamic electricity, an intimate connec- 
tion, which establishes an important relation between the two 
forms under which electricity is presented. 


Franklin s Theory of a single Fluid. 


We have not spoken in this Chapter of a theory which, by 
its apparent simplicity, and from the name of its author, 
enjoyed great favour for some years. It is Franklin’s thcory 
of a single fluid. This fluid possesses precisely all the pro- 
perties that, in the theory of two fluids, are attributed to each 
of them considered separately. It is composcd of particles 
infinitely attenuated, which all repel each other with a force 
the inverse of the square of the distance. In the theory of a 
single fluid each body in its natural state contains a certain 
portion of this fluid ; if, in a given body, we accumulate a 
larger proportion, we electrise it plus, or positively ; if, on the 
other hand, we diminish the proportion that it ought to 
contain, we electrise it minus, or negatively. So long as the 
natural state remains, no manifestation occurs ; but, as soon 
as the state becomes positive or negative, there is then an 
electric action. We have further to admit, that there is an 
attraction between ponderable matter and the imponderable 
electric fluid ; so that, when two bodies are in presence of eacl. 
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other, several forces are in conflict, which, according to their 
relative intensities, must determine the attraction or repulsion. 
These are, the repulsive force of the electric fluids which the 
two bodies possess; the attraction between the electric fluid 
of the one and the matter of the other ; finally, the mutual 
action of the imponderable particles of one of the bodies upon 
those of the other. Æpinus, when subjecting this theory to 
calculation, was led to the singular consequence that, in order 
to explain the repulsion of two bodies negatively electrised, it 
would be necessary to admit that the mutual action of the 
particles of matter is repulsive, instead of being attractive. 
This result, which is so contrary to the ideas that have been 
admitted since Newton’s time, has necessarily caused the 
theory that led to it to be renounced. On the other hand, 
the very pronounced and constant antagonism that is always 
found between the two opposite principles in electrical pheno- 
mena, can only be explained by the existence of two different 
fluids ; or, which comes to the same thing, of two different 
modifications of the same fluid. What are these modi- 
fications ? What is this fluid, which is susceptible of under- 
going them? Here, we must confess, are questions that are 
not resolved; and we are far from presenting the theory of 
the two fluids, such as we have explained it, as the limit to 
our knowledge. It is to us only a convenient means of con- 
necting together facts, and of permitting us to group them 
under certain more general laws. Further on we shall be 
able to study this theory in itself and to discuss the funda- 
mental objections which it presents. We shall see that elec- 
trical phenomena very probably depend upon the combined 
action of the particles of matter and of the ethereal fluid 
which fills the universe; and, by thus approaching to Faraday’s 
molecular theory, we shall be nearer to the truth than with 
the hypothesis of two imponderable fluids, existing of them- 
selves, and in a manner independent of bodies. 
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. PART IIT. 
MAGNETISM AND ELECTRO-DYNAMICS. 


CHAPTER I. 


ON THE MAGNET AND MAGNETIC PHENOMENA, 


General Notions on Magnetism. 


THERE exists in nature a mineral named ZLoadstone, known 
from all antiquity, which possesses the property of attracting 
particles of iron that are placed near to it, in certain points of 
its surface which are called poles. This mineral is a com- 
pound of iron and oxygen, or a deutoxide of iron. The 
ancients called it uæyyns, from the city of Magnesia in Lydia, 
where it was found in abundance ; hence arose the name of 
‘ magnetism” for that part of physics which treats of the phe- 
nomena of which it is the origin, and the name of “ magnetic ” 
for the phenomena themselves. 

One of the most remarkable properties of the loadstone is 
that by virtue of which it communicates the property that 
it possesses, of attracting iron, to a needle or a steel bar that 
is rubbed several times consecutively in the same direction 
against one of its poles. This necdle or bar thus becomes 
capable of attracting towards its extremities, a considerable 
quantity of filings or pieces of iron. The needle or bar 
is then said to have been magnetised, and its magnetic poles 
are at its extremities. If the steel bar exceeds six or eight 
inches in length, we sometimes find two or even four other 
poles beside those that are at its ends. These poles, which 
are recognised by the accumulation of iron filings that occurs 
around them, are always in even numbers, and placed two 
and two on either side, and at the same distance from the 
centre: these are termed secondary or consecutive poles 


(Fig. 70.) 
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À magnetised steel bar possesses also, like the loadstone, 
the property of communicating its magnetic virtue to another 








Fig. T0. 


steel bar or needle. To obtain this result we have merely to 
rub the bar or necdle that we wish to magnetise,—the name 
that is given to this operation, — against one of the poles of 
the magnet along its whole length, and always in the same 
direction. Magnetic needles may be cylindrical; they have 
generally, however, the form of a prism or thin elongated 
lozenge. With regard to bars, they are generally prismatic ; 
they have sometimes also the form of a horse-shoe, and, to 
increase their strength, several are superposed upon each 
other. They are thus capable of attracting large masses of 





Fig. T1. 


iron, and of supporting even 50 or 1001bs., without a weight 
of this amount being able to detach from their poles the iron 
that is adhering to them (Fig. 71.). 
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Directive Properties of the Magnetic Needle— Inclination and 
Declination Compasses. 


If, after having magnetised a steel needle, it is suspended by 
its centre of gravity to a thread, or is placed on a point by 
means of a cap (Fig. 72.), it is found to take a determinate 
direction towards a point of the horizon, which is very nearly 

north and south. This direction 
\ is so constant that, even when 
! the needle is displaced, it always 
returns to it, after a greater or 
less number of oscillations, with 
perfect precision. More than 
this, it is always the same ex- 
tremity of the needle that is 
turned towards the north, and the 
same that is turned towards the 
south; so that if the needle is 
turned aside 180”, it is no longer in 

Fig. 72. equilibrio in the new position, but 
makes a pirouette and describes a semi-circumference on one 
side or the other, to return to its original position. The point 
of the ncedle that is directed towards the north has been termed 
the north pole, and that which is directed towards the south, 
the south pole. In order to recognise them immediately, and 
conscquently to know. on which side the north is, the pre- 
caution is taken of slightly blueing, by heating it, the half of 
the ncedle that is directed on the north side, and leaving 
that which tends towards the south of the natural colour. 

The direction of the magnetised needle is constant in the 
same place and at a given epoch; but it varies from one 
place to another, and changes with years: it is also subject, 
on the same point of the globe, to small periodic variations 
during the day ; variations which on this account have been 
termed diurnal variations. 

We have seen that this direction is not exactly north and 
south; hence the plane that passes through the centre of the 
earth in the direction of the magnetic needle in any place 
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under consideration is termed the magnetic meridian, to dis- 
tinguish it from the terrestrial meridian, which is the plane 
passing through this same place and the axis of the earth. 
The angle made by these two planes, or, what amounts to 
the same thing, the two tracks they leave on the surface of 
the globe, is termed the declination of the magnetised necdle. 
It is determined by measuring the angle which the direction 
of the horizontal needle makes with the meridian line. The 
declination is east or west, according as the north pole of the 
necdle is on the cast or west of the meridian line. At Paris, 
it was 11° 30’ to the east in 1580; nothing, or 0°, in 1663; 
8° to the west in 1700; 22° in 1785; 22° 14’ in 1814; and 
from that time it has commenced to diminish; in 1849, it 
was 20° 34’ 18”. 

In London, it was 11° 15” to the east in 1576; 0° from 
1657 to 1662; 2° 6’ to the west in 1670 ; 24° 2’ 18’ in 1815, 
an epoch at which it attained its maximun ; it was 22° 35’ in 
1849. At Geneva, it was 19° in 1818, and 18° 18’ in 1849. 

There are places on the earth where the necdle is directed 
exactly according to the meridian line, and for which the 
declination is nothing ; the series of these places or points 
without declination does not form a regular curve: we shall 
have occasion to return to this, and investigate their distri- 
bution. 

Every apparatus suitable for observing and measuring the 
declination, or reciprocally for determining the direction of 
north and south, namely, the meridian line, the magnetic de- 
clination of the place being given, is called the declination 
compass (Fig. 73.),. 

This apparatus consists of a magnetised needle, delicately 
suspended, either by means of silk thread without torsion, or 
by means of an agate or steel cap resting upon a pivot. A 
carefully divided circle, upon which is read the division cor- 
responding with the extremities of the ncedle, is fixed against 
the sides of a circular box of copper or wood covered with a 
glass, in which is placed the needle and the point upon which 
it rests. The instruments may be furnished with a telescope 
carried on an axis of rotation, parallel to the plane of the 


160 MAGNETISM AND ELECTRO-DYNAMICS. PABT LIL 


circular division, and the middle of which is upon the vertical 
that passes through the centre of the suspension of the needle. 





Fig. 78. 


This axis carries an air-level, and a vertical quadrant divided 
to measure the angles described by the telescope. The box 
can be turned round upon a vertical axis, by which it is fixed 
upon its stand, until the telescope is found to be placed in the 
direction of the meridian. The angle made by the direction 
of the telescope with the direction of the magnetic needle, is 
then determined, and we obtain the declination. Or rather, 
knowing this declination, we turn the box until the angle 
made by the axis of the telescope and the direction of the 
needle are equal to it, and then we have the position of the 
meridian. The marine compass, or variation compass, differs 
from the ordinary compass, only in that it has a double sus- 
pension, which allows of its maintaining itself in a sensibly 
horizontal situation, notwithstanding the agitation of the sea. 
We have supposed that the magnetised needle was sus- 
pended by its centre of gravity ; but we should add that this 
centre of gravity has been determined after the needle was 
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magnetised. In fact, if we determine it before, namely, if we 
suspend to a silk thread, without torsion, an unmagnetised 
steel ncedle, so that it is perfectly horizontal, we find that, 
after having been magnetised, it does not preserve this hori- 
zontality, although it is suspended in the same manner. It 
begins by taking the ordinary direction of S. E. and N. W.; 
we then see its north pole incline, as if the half that is on the 
north side were heavier than that which is on the south side. 
We may, however, in a direct manner, satisfy ourselves that” 
the magnetism has in no degree modified the weight of the 
necdle or that of any of its parts. The effect that is made 
manifest is the result of the same action that determines the 
constant direction of the declination needle ; it is called the 
inclination (or dip) of the necdle; it is measured by the angle 
that is made with the horizon by a needle which can move 
freely around its centre of gravity, in the plane of the mag- 
netic meridian. 

An inclination compass (Fig. 74.) consists of a necdle tra- 
versed at its centre of gravity by a cylindrical axis of polished 
steel, resting by its two extremities 
upon two very sharp agate knife edges, 
These two edges are supported by two 
horizontal metal cross-picces, parallel 
to each other, and which are the dia- 
meters of a vertical circle, upon which 
is traced a circular division. Care is 
taken, by means of à very simple con- 
trivance, to place the needle upon the 
knife edges, so that its axis of rotation 
exactly passes through the centre of 
the divided circle, and is perpendicular 
to its plane. More frequently, instead 
of employing knifeedges of agate, 
steel pivots arc introduced into cylindrical holes, pierced in 
the two horizontal cross-bars, and situated in the line perpen- 
dicular to the plane of the circle and passing through its 
centre; but the friction, which is much more considerable 
in this mode of suspension than in the other, creates a risk of 
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interfering with the free movements of the needle. On this 
account, the former is employed in preference in very perfect 
apparatus. This circle or vertical limb rests upon a foot 
which is movable round a vertical axis, the prolonged di- 
rection of which passesthrough its centre, and consequently 
through the axis of suspension of the needle. An azimuth or 
horizontal circle enables us to determine at each instant the 
angles described by the vertical limb, and consequently of 
placing the latter in all azimuths, and particularly in the 
direction of the magnetic meridian. The magnetised needle 
then of itself takes a position according to the line of inclina- 
tion. The angle is measured by means of the division of the 
vertical limb, which is generally furnished with a magnifier. 
Several observations must be made, and their mean must 
be taken in order to arrive at an accurate result; because, 
whatever precautions may be taken, the suspension is always 
imperfect, and because we are never very sure that the axis 
passes exactly through the centre of gravity of the needle. 
To be secure against this cause of error, we should make four 
kinds of observations, and take the mean of the results of 
each of them. After the first observations fresh ones are 
taken, after having turned the faces of the bar round, without 
changing the poles; then two other similar series of observa- 
tions are made, after having changed the poles of the needle 
by magnetising it in the contrary direction, namely, by 
rubbing it against the same pole of a magnet, in a contrary 
direction to that in which it was formerly rubbed, so that the 
extremity that directed itself towards the south is found to 
be directed towards the north, and that which was directed to 
the north is directed to the south. 

The inclination (or dip) which was 75° at Paris in 1671, has 
from that time been continually diminishing ; in 1835, it was 
67° 14’, and in 1849, 66° 44. It varies like the declination, 
not only with the epochs of observation, but still more with the 
places; at London, it was 70° 27’ in 1720 ; 69° 2’ in 1833: 
and 68° 51’ in 1849. At Geneva, it was 65° 48’ 30/’ in 1825, 
and 64° in 1849. It increases the more we approach the 
north pole : thus there exists a place in 80° of north latitude 
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discovered by Captain Parry, when the inclination is 90°. 
On the other hand, the inclination decreases as we approach 
the equator : there is also on the surface of our globe a series 
of points where it is absolutely nothing, and which form a 
curve around the earth, called the magnetic equator. This 
curve is very regular in one part of its course, and may be 
regarded as a great circle inclined 12° or 13° to that of the 
terrestrial equator. Beyond the equator the inclination begins 
again, and increases in proportion as we approach the south 
pole ; but it is then the south pole and not the north pole of 
the needle that inclines below the horizon. 

When we do not know the declination, and have to make 
an observation of inclination, we may, without a declination 
compass, easily determine the plane of the magnetic meridian 
by looking for the plane in which the dipping needle holds 
itself perfectly vertical : this plane is perpendicular to that of 
the meridian. When, therefore, we have determined the 
former, we know the latter, and place the needle in it by 
making the vertical circle describe an angle of 90° on the 
azimuthal circle. This very simple connection between the 
two planes arises from the magnetised necdle placing itself 
naturally, wheñ it is free, in the plane of the magnetic meri- 
dian ; and, not being solicited to go out of it, it must evi- 
dently, in order to obey this law, take the vertical position 
when the plane in whichit is obliged to move is perpendicular 
to that of the magnetic meridian; for in this manner it is 
found to be at once in both planes. 

The force which determines the direction of the magnetised 
needle is in fact neither attractive nor repulsive, but simply a 
directive force, incapable of impressing upon the magnet any 
movement of translation. This may be proved by different 
experiments : thus a magnetised needle floating upon water 
by means of a piece of cork to which it has been fixed, does 
not experience any onward movement ; it simply takes the 
direction of the magnetic meridian like the needles which, 
resting on their point, are retained at their centre. À mag- 
netised needle, fixed crosswise, and at the extremity of a hori- 
zontal slip of wood, with a counterpoise at the other extremity 
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to maintain equilibrium (Fig. 75.), also takes a direction 

exactly in the plane of the magnetic meridian, when the slip 

of wood is suspended by its centre of 

gravity to a silk thread without torsion, 

although its centre is not that of the 

needle, Finally, if we ballast a mag- 

netised needle by means of a piece of 

platinum, so as to make it remain in 

equilibrio in the interior of a mass of 

mercury, and thus to withdraw it from 

Fig. 15. the action of gravity, we see it place 

itself in the magnetic meridian, and take 

a direction inclined to the north, perfectly similar to the 

direction of the dipping needle. This direction is therefore 

that which results naturally, abstraction being made of every 

mode of suspension, from the action exercised upon the mag- 

netised necdle by the forces or the force termed terrestrial 
magnetism. 

It was not seen at first that the force, which impresses 
upon the magnetised needle the direction that we have 
just determined, emanates from the earth. Some placed 
the seat of this force in a small star, forming the tail of 
the Great Bear; others placed it further on still Gil- 
bert, at the end of the sixteenth century, in a very re- 
markable work, entitled Physiology of the Magnet*, was the 
first to show that it must be sought for in the terrestrial 
globe, a result that evidently arose from observations made in 
various places on the surface of the earth. We shall, in fact, 
sce further on that by means of these numerous and varied 
observations, it becomes easy to determine the directions of 
the forces by which the needle is attracted; and that these 
directions are such, that it is evident these forces themselves 
emanate from the earth. We have, in like manner, become 
aware that the intensity of terrestrial magnetism varies, as 
well as the declination and inclination, with time and with 
places; and that it increases from the equator to the poles. 


* Physiologia nova de Magnete, magncticisque Corporibus: London, 1600. 
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With regard to the nature of the magnetic forces that 
emanate from the earth, the conjectures that have bcen 
formed in this respect are connected with the properties of 
magnets: we shall take care to point them out when studying 
these properties, but we shall not be able to examine their 
value until in the Third Chapter of Part the Fifth, when we 
shall be occupied upon natural electricity and terrestrial 
magnetism. 

The discovery of the compass is much less ancient than 
that of the magnet. It appears that the first European navi- 
gator who made use of it was Vasco de Gama, in his first 
expedition into India Ilowever, express mention is made in 
a Chinese dictionary that was completed in the year 121 of 
the Christian era; and in another dictionarv, completed under 
the reign of Kang-hi, of the fact that, under the dynasty of 
Tsin (419 before Christ), vessels were directed towards the 
South by means of the magnet. The discovery of the 
declination appears to go back to Christopher Columbus ; he 
was the first to perceive, in 1492, when he was traversing the 
Ocean to go and discover the New World, that the necdle did 
not turn directly to the north in all places of the earth, as had 
hitherto been supposed. With regard to the change of de- 
clination in the same place, it was discovered in 1622, by 
Gunter, a professor in Gresham College. The dip was dis- 
covered in 1576 by Normann. 


Different Properties of Magnets and magnetic Bodies. 


Hitherto we have only been considering a magnetised 
necdle or bar as insulated ; we have recognised in it the 
property of attracting iron to its poles ; that of being directed, 
when it is movable, by the action of the earth; that, finally, 
of communicating the virtue it possesses to other stecl bars or 
ncedles. But magnets possess other properties, which are 
especially manifested when they are brought ,near to e2ch 
other; such, for example, as a mutual attraction or repulsion. 
If we bring near to the north pole of a magnetised needle, 
freely suspended, the north pole of another nccdle or bar held 
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in the hand, we immediately perceive a very decided repulsion 
established between the two poles : it is the same if we present 
the two south poles to each other ; these repulsions occur at 
a distance, and are very energetic. But if to the north pole 
of the movable needle is presented the south pole of the fixed 
needle, or to its south pole the north pole of the other, there 
is no longer a repulsion, but a very strong attraction takes 
place ; the pole of the movable needle rushes to the pole of 
the fixed needle, and an adherence is made manifest between 
them, which lasts so long as we do not detach them from each 
other by a violent effort; and this establishes a very charac- 
teristic difference between these attractions and electric at- 
tractions, which latter cease at the very moment of contact. The 
repulsion of the two poles of the same needle upon the two 
poles of the same name of another needle is manifested in a 
very sensible manner when we approach parallel to each 
other two needles, having the north and south direction that 
is given them by terrestrial magnetism. 

Magnetic attractions and repulsions are in no degree in- 
fluenced by the medium interposed between the two magnets, 
or between the magnet and the magnetic body, when it is 
acted upon by the simple attraction exercised by a magnetised 
body upon one that is not so. These actions occur with the 
same force, whether the interposed medium be air, vacuum, 
or any substance whatever. It is only necessary that the 
medium itself be not magnetic. Thus, a plate of wood, glass, 
non-magnetic metal, a sheet of paper or cotton, a stratum of 
liquid or of any gas, the interposition of a flame, in no degrec 
modify this kind of action; distance alone exercises an in- 
fluence upon its intensity, into the investigation of which we 
shall very shortly enter. 

The experiments that we have been relating, joined to 
observations relative to the needle, magnetised by the in- 
fluence of the terrestrial globe, establish the important fact 
that, even while the two poles, situated at the opposite ex- 
tremities of a magnetised bar, equally attract iron, they 
present essential differences in their properties, and a kind of 
antagonism analogous to that which exists between the two 
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electricities. Thus, when a piece of steel or iron is mag- 
netised, by continually rubbing it in the same direction along 
one of the poles of a magnet, the pole acquired by the ex- 
tremity of the steel bar that is last in contact with the magnet 
depends upon which of the two poles of this magnet it is 
where the friction occurs, and it is always of a name the 
contrary to this If the north pole is employed for mag- 
netisation, the steel acquires a south pole at the extremity 
that remains last in contact with the north pole, and con- 
sequently acquires a north pole at its other extremity. 

Steel is not the only body that is susceptible of being 
magnetised ; iron itself, cobalt, and nickel, possess the same 
property. Not only do these bodies attract a magnetised 
needle, when they are presented to one of its poles, or are 
attracted by it, but they may be magnetised, and consequently 
may acquire all the properties possessed by a magnet, that of 
having two poles and being influenced by terrestrial mag- 
netism, &c. However, differences exist in this relation be- 
tween these different metals. Thus, when iron is very soft, 
that is to say, well annealed, and as much as possible de- 
prived of carbon, it acquires only temporary magnetism. 

If the extremity of a soft iron cylinder or wire be touched 
with the pole of a magnet, we immediately see the other 
extremity of this cylinder attract iron filings, and act upon a 
magnetised needle ; in a word, we discover therein the ex- 
istence of a magnetic pole of the same name as that of the 
magnet with which the cylinder is in contact by its other 
extremity. But as soon as the contact ceases, the iron filings 
fall, and the pole disappears ; in a word, the soft iron loses all 
its magnetic properties ; or, if at least it preserves them for a 
few moments, they are singularly feeble. Thus soft iron may 
therefore instantly acquire magnetism ; but it also immediately 
loses it, after the cessation of the cause by which it had been 
produced. We should observe, however, that whilst it is 
under the influence of the magnet, the soft iron acquires a 
stronger magnetism than a similar piece of steel does when 
magnetised by the same power. À steel needle does not 
acquire magnetism s0 easily: a simple contact with the pole 
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in the hand, we immediately perceive a very decided repulsion 
established between the two poles : it is the same if we present 
the two south poles to each other ; these repulsions occur at 
a distance, and are very energetic. But if to the north pole 
of the movable needle is presented the south pole of the fixed 
necdle, or to its south pole the north pole of the other, there 
is no longer a repulsion, but a very strong attraction takes 
place ; the pole of the movable needle rushes to the pole of 
the fixed needle, and an adherence is made manifest between 
them, which lasts so long as we do not detach them from each 
other by a violent effort; and this establishes a very charac- 
teristic difference between these attractions and electric at- 
tractions, which latter cease at the very moment of contact. The 
repulsion of the two poles of the same needle upon the two 
poles of the same name of another needle is manifested in a 
very sensible manner when we approach parallel to each 
other two needles, having the north and south direction that 
is given them by terrestrial magnetisin. 

Magnetic attractions and repulsions are in no degree in- 
fluenced by the medium interposed between the two magnets, 
or between the magnet and the magnetic body, when it is 
acted upon by the simple attraction exercised by a magnetised 
body upon one that is not so. These actions occur with the 
same force, whether the interposed medium be air, vacuum, 
or any substance whatever. It is only necessary that the 
medium itself be not magnetic. Thus, a plate of wood, glass, 
non-magnetic metal, a sheet of paper or cotton, a stratuim of 
liquid or of any gas, the interposition of a flame, in no degree 
modify this kind of action; distance alone exercises an in- 
fluence upon its intensity, into the investigation of which we 
shall very shortly enter. 

The experiments that we have been relating, joined to 
observations relative to the ncedle, magnetised by the in- 
fluence of the terrestrial globe, establish the important fact 
that, even while the two poles, situated at the opposite ex- 
tremities of a magnetised bar, cqually attract iron, they 
present essential differences in their properties, and a kind of 
antagonism analogous to that which exists between the two 
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electricities. Thus, when a piece of steel or iron is mag- 
netised, by continually rubbing it in the same direction along 
one of the poles of a magnet, the pole acquired by the ex- 
tremity of the steel bar that is last in contact with the magnet 
depends upon which of the two poles of this magnet it is 
where the friction occurs, and it is always of a name the 
contrary to this. If the north pole is employed for mag- 
netisation, the steel acquires a south pole at the extremity 
that remains last in contact with the north pole, and con- 
sequently acquires a north pole at its other extremity. 

Steel is not the only body that is susceptible of being 
magnetised ; iron itself, cobalt, and nickel, possess the same 
property. Not only do these bodies attract a magnetised 
needle, when they are presented to one of its poles, or are 
attracted by it, but they may be magnetised, and consequently 
may acquire all the properties possessed by a magnet, that of 
having two poles and being influenced by terrestrial mag- 
netism, &c. However, differences exist in this relation be- 
tween these different metals. Thus, when iron is very soft, 
that is to say, well annealed, and as much as possible de- 
prived of carbon, it acquires only temporary magnetism. 

If the extremity of a soft iron cylinder or wire be touched 
with the pole of a magnet, we immediately see the other 
extremity of this cylinder attract iron filings, and act upon a 
magnetised needle ; in a word, we discover therein the ex- 
istence of a magnetic pole of the same name as that of the 
magnet with which the cylinder is in contact by its other 
extremity. But as soon as the contact ceases, the iron filings 
fall, and the pole disappears ; in a word, the soft iron loses all 
its magnetic properties ; or, if at least it preserves them for a 
few moments, they are singularly feeble. Thus soft iron may 
therefore instantly acquire magnetism ; but it also immediately 
loses it, after the cessation of the cause by which it had been 
produced. We should observe, however, that whilst it is 
under the influence of the magnet, the soft iron acquires a 
stronger magnetism than a similar piece of steel does when 
magnetised by the same power. À steel needle does not 
acquire magnetism s0 easily : a simple contact with the pole 
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of a magnet is not generally sufficient to magnetise it; it 
must then be rubbed along this pole for a certain length of 
time, and always in the same direction; but it preserves the 
magnetism it has acquired for an indefinite space of time. 
Tempering increases in steel this double property, which in 
this respect constitutes s0 marked a difference between it and 
soft iron. Nickel and cobalt more closely approach steel in 
this respect than they do iron, although they cannot acquire 
so great an amount of magnetic virtue as tempered steel 
does. 

Magnetisation may take place at a distance as well as by 
contact ; it is sufficient, for example, for a soft iron cylinder 
to become magnetic, to bring the pole of a magnet near to it, 
without contact being necessary. This action may be made 
manifest in a very simple manner by suspending two pieces of 
iron wire to two silk threads, like the two pith balls of elec- 
troscopes; we bring near to it the pole of a magnetised bar, 
and they are immediately seen to separate from each other by 
the repulsive effect exercised by the poles of the same name, 
which they acquire at their lower and upper extremities. 
But immediately the magnet is withdrawn the two pieces of 
iron wire approach by recovering their vertical position; a 
proof that their magnetisation has ceased.  Stcel, nickel, and 
cobalt present the same phenomenon ; but it is less decided as 
the magnetic body possesses less facilities of being promptly 
magnetised. 

The attraction exercised by magnets upon iron filings, and 
generally upon magnetic or magnetised bodies, arises from 
their magnetising them by their influence at a distance, by 
which they determine in the part of the body that is nearest 
to them a contrary pole to that which is acting; and it is 
between these opposite poles that the attraction is manifested, 
just as if the two bodies were magnetised. It is, however, 
always easy to distinguish a magnetised substance from a 
body simply susceptible of being magnetised, and on this 
account termed magnetic. It is sufficient for this to present 
all the points of a substance to the same pole of a magnetised 
necdle ; if the action is every where attractive, the body 
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is only magnetic; but if it is attractive in some points and 
repulsive in others, it is a sign that the body has two contrary 
poles, and that consequentiy it is magnetised. It is not 
necessary that the needle which serves for this test should be 
too strongly magnetised ; for if the substance submitted to 
experiment had but a feeble magnetism, there would be a risk 
of not indicating any difference between its poles by acting 
upon it as upon soft iron, and attracting it equally in all its 
points. 


Influence of Terrestrial Magnetism on Iron, and the Effect that 
results from it upon the Direction of the Compasses in 
Vessels. 


The terrestrial globe may, like a magnet, exercise at a 
distance its magnetising powers. If we hold vertically, or, 
which is still better, in the direction of. the dipping needle, 
a bar of soft iron about a yard in length, we find that it 
acquires two poles, a north pole at its lower, and a south pole 
at its upper extremity. The existence of these two poles is 
mwanifested by the attractive and repulsive action exercised 
by the two extremities of the bar upon the same pole of a 
magnetised needle, delicately suspended and brought near to 
them. The terrestrial globe, therefore, acts as a great magnet 
would act whose axis, passing through the centre of the earth, 
should be situated in the magnetic meridian, and which 
should have at the north a pole contrary to the pole of a needle 
that is directed to the north; and at the south another pole, in 
like manner contrary to the pole of the ncedle that is directed 
to the south. This hypothesis upon the cause of terrestrial 
magnetism would also explain the direction of the magnetiscd 
needle; which would also be the result of the attractions 
exercised by the magnetic poles of the globe upon the contrary 
poules of the magnetised needle. It would be suffcient, there- 
fore, in order to know the position of the magnetic pole of the 
earth, situated at the north, to determine carefully the direction 
of the dipping necdle in several different places; and the 
intersection of these lines would be the point where the pole 
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in question would be found. It would be necessary to go 
through the same process on the other side of the magnetic 
equator, in order to determine the position of the terrestrial 
magnetic pole situated on the south. But it is found that 
the directions of the dipping needle, when produced, whether 
in the boreal or austral hemisphere, do not all intersect 
exactly in the same point; which would seem to prove that 
there is not, therefore, in each hemisphere, a single pole or a 
single centre of magnetic action. We shall return in detail 
to this interesting subject of terrestrial physics, when we shall 
be treating upon the numerous observations that have been 
collected upon the different phenomena of terrestrial mag- 
netism; and upon the hypotheses that have been made of its 
origin and its nature. 

It may not be useless to mention here a denomination still 
employed in French works, and which owes its origin to 
the terrestrial theory of the magnet. Setting out from the 
hypothesis that the earth possesses two magnetic poles, and 
from the principle established by experiment, that poles 
of the contrary name attract each other, they have called that 
pole of the magnetised needle that is directed towards the 
north, the auatral pole; because, say they, it is attracted by 
the magnetic pole of the earth situated at the north, and which 
is naturally the borcal pole: for the same reason they have 
given the name of boreal pole to that end of the needle that is 
directed towards the south; because, say they, it is attracted 
by the austral pole of the globe. With regard to ourselves, 
as we prefer a denomination founded upon a fact to that 
which rests upon a theory more or less contestable, we shall 
continue to call the north pole of the ncedle that which is 
directed towards the north, and the south pole that which is 
directed towards the south. 

The magnetisation produced by terrestrial magnetism is 
facilitated by all actions, whether mechanical or physical, 
which derange the molecules of iron from their natural position 
of equilibrium. Thus percussion, torsion, every kind of vi- 
bration, impressed upon a bar of iron determines in it the 
presence of the two magnetic poles; simple oxidation in the 


cBAP.L THE MAGNET AND MAGNETIC PHENOMENA. 171 


air produces the same effect. To prove that this magnetisation 
is entirely due to the influence of terrestrial magnetism, and 
not to these actions themselves, we have merely to examine 
the position of the poles in the bars submitted to experiment, 
and we find that this position is always that which would 
result from the immediate action of the globe; thus the north 
pole is always the one found at the extremity of the bar that 
is inclined below the horizon, or at that which is turned 
towards the side of the north, if the bar is horizontal We 
may even, if the bar is of very soft iron, immediately change 
the poles by suddenly turning it so that the extremity which 
was directed towards the north shall be to the south, and 
that which was directed towards the south shall be to the 
north. Furthermore, it is easy to prove that, whatever be 
the action by which the body is constrained, the magnetism 
that it acquires is the more intense as its position approaches 
more the direction of the dipping needle; and that it be- 
comes altogether null if the bar is placed in a position per- 
fectly perpendicular to this direction. We have thus the 
evident proof that the effect docs not arise in an immediate 
manner from the action to which the bar is subjected, but 
simply from terrestrial magnetism, the influence of which is 
favoured by this action. 

To the influence of this magnetism must be attributed the 
magnetisation possessed by all magnetic bodies left for any 
length of time in the same place: thus the rods of lightning 
conductors, the points of steeples*, bars, or other iron objects 
placed in buildings, always present traces of magnetism : it is 
the same with iron or steel tools, such as those of a locksinith ; 
or punches or cutting instruments that are liable to undergo 
vibratory movements by the use to which they are applied. 
We can even obtain powerful magnets, from the magnetism 
produced by means of the terrestrial globe, by taking a certain 
number of iron wires, twelve or fifteen inches in length, and 


* It is probable that, in respect to elevated iron points, such in particular as 
those of lightning-conductors, atmospheric electricity, or more especially that from 
lightning, contribntes its part to their magnetisation as much, and more 80, than 
terrestrial magnetism. 
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twisting them strongly while held in a vertical position, or, 
which is better still, in the direction of the dipping needle, 
This operation, which renders them stiffer, facilitates at the 
same time the developement within them of a very powerful 
magnetism ; and, when once they have been magnetised, they 
are united to form a bundle, care being taken that their 
similar poles are all at the same extremity of the bundle, 

The magnetising action exercised by terrestrial magnetism 
upon iron may determine upon the ncedles of compasses very 
serious deviations when they are placed upon vessels in motion. 
In fact, these structures, which always contain in their fabric 
a very considerable quantity of bars and plates and rods of 
iron, are found from this circumstance to contain magnets, 
the poles of which must change with the position of the vessel 
in respect to the magnetic meridian. There is produced, 
therefore, upon the magnetic necdle, a variable action, the 
effect of which it is impossible to determine beforchand ; 
whilst, if the vessel always remained at the same place, it 
would be an easy matter to appreciate the influence of this 
cause of deviation, and to take account of it. Navigators 
also are exposcd to making great errors, which might be at- 
tended with serious consequences.  Suppose, for example, 
that the axis of the vessel, that is to say, the line going from 
stem to stern, was at first perpendicular to the plane of the 
magnetic meridian and directed to the west; that, in this 
position, the deviation of the necdle was 20° to the west of 
the direction that it ought to have: a change in the course of 
the vessel causes the axis to turn 180°, namely, from west 
to east; by the effect of this change of direction, the deviation 
has also passed from west to east, and is consequently 20° to 
the east. It is evident that the observer, who should not be 
acquainted with the action of the iron contained in the vessel, 
to which these two deviations of 20, first to the west and 
then to the cast, are due, would believe that the necdle has 
remained parallel to itself, and would judge that the rotation 
of the vessel had only becn 180° — 20° x 2, or 180° — 40°, 
namely 140°, whilst it had really been 180°. He would have 
been deceived, therefore, to the amount of 40° on the second 
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direction of the vessel, supposing that he had carefully deter- 
mined the first direction by the ordinary processes. 

Mr. Barlow proposed various mcans of avoiding the dan- 
gerous errors to navigation that we have just pointed out. 
One of these means consisted in placing in the neighbourhood 
of the compass a plate of soft iron which becomes magnetised, 
like the other masses of iron in the vessel, by the influence of 
the globes. This plate is put into such a position in front of 
the compass, that its action upon the needle shall be exactly 
equal to the total action of all the iron distributed throughout 
the vessel; so that, by removing the plate, one half of the 
local deviation is removed, whence the amount of local de- 
viation due to the ship's iron is readily obtained. The. 
position that should be given to this plate has been previously 
determined by trials. 

Another means has also been employed by Mr. Barlow from 
numerous experiments made by placing the vessel in every 
azimuthal position, and comparing by means of two telescopes 
the direction of its compass in every position with that of a 
magnetised needle remaining on the shore : he succeeded in 
determining empirically the correction that should be made 
in the observed deviation in order to obtain the true magnetic 
declination of the place where the observation was made, 
But this process, like the former, requires a series of distinct 
operations for each vessel in particular, those made for one 
not being able to be used for another: it is, moreover, not 
without some practical difficulties. 

M. Poisson, impressed with the importance to navigation of 
the question upon which we have just been treating, and con- 
vinced that it had been only imperfectly resolved by the empi- 
rical means that we have pointed out, endeavoured to submit it 
to analysis, and 80 to arrive at a general formula of correction. 
He proposed to determine directly the true inclination and de- 
clination in any given place on the globe from observations of 
the compass made on board a vessel, and under the influence 
of the iron that it contains. The iron being magnetised by the 
magnetic force of the earth, it is evident that its action upon 
the needle will be proportional to this force. Further, since 
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the components of this action correspond to three rectangular 
axes passing constantly through the same points of the ship, 
they have, for their expressions, linear functions bearing re- 
lation to the components of the action of the globe in the 
direction of these same axes. The magnetic force of the globe, 
then, is common to all the terms of the equation of the equili- 
brium of the compass, and consequently disappears from it. 
The formula contains different terms that must be determined ; 
and, in particular, the quantities dependent upon the total 
amount and the distribution of the iron contained by the 
vessel. But, for various reasons, connected with the distri- 
bution of the masses of iron in vessels, which is in general 
symmetric, and with their position, which is for the most part 
below the horizontal plane drawn through the point of sus- 
pension of the compass, M. Poisson succeeded in simplifying 
the problem. The two unknown terms to be determined are 
the true inclination and declination ; and, for this determi- 
nation, two data from observation are sufficient: those re- 
quired by M. Poissons simplified formula are, the angles of 
the principal section or of the axis of the vessel, with the 
apparent direction of the compass before and after this section 
or axis has been made to turn to a known angle. Other 
formulæ enable us even to avoid this operation, and to be 
content with merely observing the direction of the compass 
before and after the addition of a mass of iron, always placed 
in the same manner, and s0 as easily to be brought near to 
the compass to change its direction. 


Lnfluence of Temperature upon Magnetism. 


Among the actions that facilitate magnetisation by terres- 
trial magncetism, one of the most efficacious consists in heating 
the magnetic body to redness, and allowing it to cool under 
the influence of this magnetism. The cooling that follows 
a much lower clevation of temperature is even sufficient. 
MM. Moser and Riess have proved that to this kind of effect 
we must refer the phenomena of magnetisation that have 
been supposed to be produced by rays of light, and especially 
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by the violet rays. They have proved that, as these effects 
only take place when the needles which experience them are 
in a position perpendicular to the magnetic meridian, they 
can be attributed to terrestrial magnetism alone, the action of 
which is facilitated by the elevation of temperature brought 
about by the solar rays, or rather by the cooling that follows 
it. Heat, in fact, far from increasing, notably diminishes, on 
the contrary, the intensity of the magnetic virtue. A mag- 
netised steel bar, when brought to a red-white heat, totally 
loses its magnetism; should it have become magnetic during 
cooling, it is due to the action of the earth. A soft iron bar 
is no longer magnetic, that is to say, is no longer attracted by 
the magnet, when it is simply brought to a red heat. Nickel 
ceases to be magnetic at the temperature of boiling oil. 
With regard to cobalt, its magnetic force does not seem 
gradually to diminish, as is the case with other substances, in 
proportion as its temperature increases ; but it suddenly ceases 
at an extremely high temperature, and it then appears again 
just as rapidly when the metal is made to descend from this 
high temperature. 

The remarkable influence that is exercised upon magnetism 
by elevation of temperature had led several philosophers to 
believe that the property possessed by certain bodies of being 
magnetic was due to the small distance existing between the 
atoms of which they are formed. 

In fact, iron, cobalt, and nickel are among those bodies 
which, under the same volume, contain the greatest number 
of atoms, and consequently are those whose atoms are the 
nearest together. To heat these bodies is to remove their 
particles from each other ; now, since this increase of distance 
makes them lose their magnetic properties, when it is carried 
to a certain point, it follows that the substances among which 
the atoms are naturally more apart cannot possess these pro- 
perties. What must be done, then, to make them acquire these 
properties? We must bring the particles nearer, and, for this 
purpose, must cool these bodies. Guided by this ingenious 
idea, Faraday had exposed to an exceedingly low temperature 
the greater part of the metals, and several of their compounds, 
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and also carbon; and, notwithstanding he acted upon them 
with a very powerful magnet, he was unable to discover any 
trace of magnetism: he had the precaution to take all these 
bodies in a state of great purity, and deprived of all traces of 
iron. By means of a mixture of ether and carbonic acid 
placed in a vacuum, he succeeded in reducing their tem- 
perature to 105° cent. below 0°. Manganese itself presented 
no trace of magnetism. Mr. Faraday has shown that it is to 
the presence of a few particles of iron, of which it is a difficult 
matter to deprive it, that this metal had hitherto been erro- 
neously classed among those which are magnetic. Thus, 
iron, nickel, cobalt, and steel would seem to be the only 
bodics in nature that are magnetic, that is to say, that present 
magnetic properties, such as we have just studied and defined 
them. However, we shall see, in the last chapter of this 
Third Part, that Faraday has arrived by other means to 
discovering equally in all bodies evident magnetic properties, 
but variable, in the form under which they are manifested, 
with the nature of the bodies themselves. 


Means of measuring magnetic Forces. 


After having studied magnetic phenomena in a general 
manner, we now come to the investigation of the laws by 
which they are governed. But, in order to deliver ourselves 
up to this kind of research, we must first study the means of 
measuring with accuracy the forces to which magnetic actions 
are due. 

Two methods are presented to us here, as in the measuring 
of electric forces. The first method is based upon the em- 
ployment of the torsion balance, in which a magnetised needle 
is substituted for the glass stem that carries the small electric 
body, and is fixed to the lower extremity of the torsion thread. 
We must only take care that this necdle is sufficiently long 
without being too heavy. Coulomb made use of a cylindrical 
steel needle *1574 in. in diameter, and 25-59 inches long: before 
making use of it he assured himself that it had no interme- 
diate poles, and that consequently it possessed but two poles, 
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placed each at one of its extremities. The second method is 
that of oscillations ; it consists in making a magnetised needle 
oscillate, and in deducing the intensity of the action to which it 
has been subjected from the comparison between the number 
of oscillations executed by the needle under the influence of 
this action, and the number it makes when withdrawn 
from it. 

In both methods there is one element which must be taken 
into the account, and which does not exist in the measuring 
of electric forces ; it is the directive force of the earth. Thus 
while, in reference to electricity, the torsion of the wire alone 
exerts an influence upon the resistance which the movable 
electrised body opposes to the action of another electrised 
body; it is not the same when a magnetised needle is in 
question, for then the force, with which this needle tends to 
obey the directive action of the earth, is added to the torsion, 
to oppose the action of an exterior attractive or repulsive 
force. Thus again, whilst the oscillations of the electrised 
body are made as if it were not electrised when there is no 
other body present, those of a steel needle are entirely dif- 
ferent, according as this needle is magnetised or not; because, 
in the former case, the oscillations are influenced by ter- 
restrial magnetism, and, in the latter, this influence does not 
exist. Let us see how, in each of the two methods, the in- 
fluence may be appreciated. 

In order to obtain the value when the torsion balance is 
made use of, we must begin by suspending an unmagnetised 
needle to the thread of the balance, and then turn the piece 
by which this thread is suspended until the 0° of torsion is in 
the plane of the magnetic meridian. The needle which had 
been suspended to the wire is then to be magnetised and to 
be replaced exactly in the same manner. It follows from this 
that when, in obedience to the directive action of the earth, 
the magnetised needle places itself in the magnetic meridian, 
the torsion of the thread of the balance is found to be null. 
The thread is now to be twisted by turning the upper piece, 
either in one direction or the other, 80 as to bring the north 
pole of the needle to the west or to the east: the result is the 
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same in both cases We may be sure that so long as the 
angle of deviation which the needle is made to describe does 
not exceed 20”, it is proportional to the angle of torsion; that 
is to say, we may be sure that, after having twisted the wire 
to a certain angle, 35° for example, to make the needle 
deviate 1° to the east or the west, we must twist it to a double 
angle, viz., 70°, to produce a deviation of 2° in the same 
direction; to a triple angle, viz. 105°, for a deviation of 3”, 
and so on. The directive force of the earth, which tends to 
bring the needle back into the magnetic meridian, is therefore 
represented in each case by the angles of torsion, which 
maintain it at greater or less distances from this meridian ; 
and, as the angles of torsion are proportional to the angular 
distances, the force itself is proportional to them. It is not 
rigorously to the angles, but to the sines of the angles of 
deviation, that the angle of torsion, and consequently the 
directive force is proportional, as is proved both by the 
observation made with more considerable deviations, and a 
simple calculation based upon the consideration of the forces 
by which the needle is solicited. But this same observation 
shows, as well as experience does, that when the angle does 
not exceed 20°, we may, without sensible error, take the angle 
instead of its sine; for the relation of the angle to the sine, 
up to 20°, does not exceed that of 1 to 1-02. 

It only remains now, when we wish to measure magnetic 
forces with the torsion balance, to determine for the mag- 
netised needle which is suspended to the thread, and which is 
termed the proof-needle, the angle of torsion necessary to 
make it deviate one degree from its natural position. This 
angle may vary with the torsion thread employed, with the 
needle that is suspended to it, and with the intensity of the 
terrestrial magnetism at the place of experiment. Coulomb 
found that at Paris, and with the needle he made use of, the 
angle was 35°. When, therefore, any force causes the needle 
to deviate from the 0° of torsion, and from the magnetic 
meridian with which it was made to coincide, as we have said, 
there are two forces that tend to bring it back, and the sum of 
‘which is equal, when equilibrium is established, to that which 
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tends to remove it: these two forces are, the one the torsion 
represented by the angle of torsion, the other the directive 
force of the earth. But, in order to add this to the other, we 
must estimate its value in torsion. Now this is an easy matter 
when once we know that each degree of deviation corresponds 
to 35° of torsion. Thus, the force that will maiïntain the 
needle at 10° of distance from 0°, will be first the torsion of 
10° plus ten times 35°, namely, in all, a force equivalent to 
360° of torsion. 

In order to appreciate the influence of the directive force 
in the second method, we must employ the formula of the 
pendulum ; the magnetised needle oscillates, in fact, like a 
pendulum, only gravity is here replaced by the equally at- 
tractive action exercised upon one of the poles of the needle 
by terrestrial magnetism. It follows that the intensity of the 
force is in the ratio of the square of the number of oscillations 
which take place in the same time. This conclusion supposes 
that the oscillations are made by a dipping needle placed in 
the direction of the force by which it is actuated, that is to 
say, in the magnetic meridian, and oscillating in this plane, 
exactly as the pendulum is placed in the direction of the force 
of gravity, and oscillates in a vertical plane. However, it is 
demonstrated that the same formula or law may be applied, 
without sensible error, to the case in which the needle is a 
declination needle oscillating in a horizontal plane. When, 
therefore, we wish to employ the method of oscillations, we 
must commence by carefully determining for the needle that 
we employ, and which is still the proof-needle, the number of 
oscillations it makes in a given time, by taking the precaution 
of removing from it every magnetised body, or body suscep- 
tible of being magnetised, such as iron, so that it may not be 
actuated by any other force than by that of terrestrial mag- 
netism. It is also understood that experiments, in order to 
be comparable, should be made, not only with the same mag- 
netised needle, but in the same place*, so that the intensity 
of the terrestrial magnetism may be constant, 

* For the mathematic devclopments relating to the two methods, see 


note C. 
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Law of magnetic Attractions and Repulsions. 


We shall begin by applying the methods that we have 
now unfolded to the determination of the law that magnetic 
attractions and repulsions obey according to distance. 

For employing the former method, that which depends 
upon the use of the torsion balance, Coulomb had sus- 
pended to the torsion thread the same long steel needle in 
which the directive force of the terrestrial globe was repre- 
sented by 35° of torsion for 1° of deviation from the magnetic 
meridian, À second magnetised needle, similar to the first, 
was placed vertically in the magnetic meridian, so as to act 
by its north pole upon the north pole of the proof-needle. The 
disposition of the needle was such, that the two points acting 
immediately upon each other, or which would have been the 
line of intersection of the two needles had they been in 
contact, were an inch from the extremities of each. These 
points were those of the maximum of the repulsive forces. 
The movable needle was driven immediately to a distance of 
24° from the magnetic meridian, wmch gave, in order to pro- 
duce equilibrium to the repulsive force at this distance of 24°, 
a force of torsion of 24° plus the directive force of the earth, 
equivalent to 24° x 35° of torsion ; in all, 864°, The movable 
needle was then brought up by turning the upper piece, and 
it was found that, to bring it back to a distance of 17°, it 
would have been necessary to make the piece describe three 
circumferences, or to twist the thread 1080° at the upper 
part. The total force was therefore composed, 1st, of the 
17° of torsion that the needle was distant from the 0° of 
torsion, its starting point; 2ndly, of the 1080° of torsion neces- 
sary to maintain it at the distance of 17°; 3rdly, of the 17° 
multiplied by 35, namely, 595° of torsion, which would repre- 
sent the effect of the directive force of the earth. This makes 
in all 1692° of torsion to make equilibrium to the repulsive 
force at the distance of 17. In order to make the needle 
attain to a distance of 12°, it would be necessary to turn the 
upper piece 5 circumferences, namely 2880°, which gives a 
total torsion of 12° + 2880° + 12° x 35 = 3312° 
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Thus the forces of torsion that respectively produce equili- 
brium with the repulsive forces are, at the distance of — 


24° _ _ + _864° of torsion. 
17° - - = ” 1692° 5, 
12° - ad - e 331 2° 


» 


The results are closely approximated to those which would 
be given by the law of — Inversely to the square of the distances 
for the intensity of the repulsive force. In fact, setting out 
from the force 3312°, the other, according to this law, 
would be 


12? ° 121 
1650 and 828, instead of 1692 and 864, which are given by 


experiment. These differences are very slight if we consider 
that an error of a single degree on the observed position of 
the movable needle makes one of 35° for the force, since the 
directive force is 35° for each degree of deviation from the 
magnetic meridian. Besides, we shall remark that the mutual 
action of the two magnetised needles, not being all concentrated 
in two single points situated upon each of them, the variation 
in the distance establishes a variation in the relative position 
of the acting points, and that, in proportion as the distance 
increases, there are more points that may act mutually upon 
each other. Thus we find the force a little greater when 
the distance increases, which it ought not to be according to 
the law. We should operate in a similar manner, in order 
to demonstrate that the law exists equally for attractions; it 
would merely be necessary to place, opposed to each other, the 
poles of the two needles having contrary names, first having 
taken the precaution to place the movable needle, by means 
of torsion, at a considerable distance from the fixed needle. 
We must now see how Coulomb employed the second method. 
The proof-needle was a steel wire weighing 67‘89 grs. 
Troy, strongly magnetised, and suspended to a silk thread 
without torsion. This needle made fifteen oscillations per 
minute under the influence of the terrestrial magnetism. 
Coulomb then placed vertically in the plane of the magnetic 
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meridian a magnetised steel wire, about 234 inches long, 
taking care that the north pole was turned downwards, the 
south pole of the wire being opposite to the north pole of the 
proof-needle, but at variable distances. The centre of the 
attractive action of this pole should be situated in the hori- 
zontal plane of the proof-needle, a necessary condition, in 
order that the needle should not run the risk of dipping, 
either below or above this plane. For this reason it would 
be necessary to place the south extremity of the magnetised 
steel wire at about an inch above the same plane. Things 
being thus arranged, at 4 inches from the wire, the needle 
made forty-one oscillations per minute instead of fifteen; at 
8 inches it made twenty-four; at 16 it made seventeen. 

From the law of the pendulum that we have just mentioned 
as being applicable to the present case, we have, calling m 
the force of terrestrial magnetism, m’ that which acts upon 
the needle at the distance of 4 inches, and m” that which acts 
at the distance of 8 mches, 

m'_41? m”_ 24: 
m 15 om  15* 

But, in order to obtain the law of the simple action of the 
magnet upon the movable needle, we must deduct from m»” 
and m” the total force acting upon this needle, m, the force of 
terrestrial magnetism; the differences m'—m, m”’—m express 
correctly the simple action of the magnet at the respective 
distances of 4 and 8 inches. Now we deduce from the two 

—m _41?—15? _ 1456 

proceding propositions 7 = 513 357 —#l. Thus 
the force that acts at 4 cie, namely, at a certain distance, 
is quadruple that which acts at a double distance. We should 
find for the distance of 16 inches, 17*—152=—64, a number a 
little too small ; for “2%=224, and it ought to be found to 
be 16. This variation occurs because that, at the distance 
of 16 inches, the lower horth pole of the fixed magnet acts 
upon the north pole of the movable needle, and diminishes, 
by its repulsive effect, the attractive action of the south pole 
‘which is above, It was with a view of avoiding this incon- 
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venience that we gave a considerable length to the vertical 
magnet; but this precaution, which fulfils the object in view, 
as we may easily conceive, when the movable needle is not 
too far off, is no longer sufficient as soon as the distance 
exceeds a certain limit. 

In fine, we may conclude equally from both methods that 
magnetic attractions and repulsions are inversely as the square of 
the distance. 


Distribution of Magnetism in a magnetised Bar. 

The same two methods that we have just employed to find 
the law of the inverse of the square, come to our aid also in 
determiming the distribution of magnetism im a magnetised 
bar. 

We may too, by a very simple method, prove the inequality 
of this distribution: it is sufficient for this to hold a mag- 
netised bar in a horizontal position, and to move under its 
lower surface and along its whole length a small piece of 
soft iron, sustaining a small scale-pan by three or four 
threads. We very quickly discover that the weight, which 
must be put in the pan to detach the soft iron, varies much 
“with the position of the point of the magnet that acts upon 
the iron; hence we conclude that the magnetic force, which 
may be regardéd as proportional to the weight, is very 
unequally distributed. Thus it is at its maximum at two 
points, distant a tenth of an inch or so from the two ex- 
tremities of the bar. Setting out from these points, it goes 
on diminishing very rapidly, either in the interval by which 
they are separated, or from each of them to the same 
extremity of the bar. The manner in which iron flings are 
distributed around the bar, when they are attracted by it, 
confirms this result. We see them, in fact, accumulated in 
a large proportion about the poles, around which they seem 
to converge from all parts, as towards centres of action 
(Fig. 76.). The central portion of the bar attracts only a 
very small number of the particles of iron; it even sometimes 
happens that it does not attract any. However, if the bar is 
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not very long, the filings are distributed around the central 
point, describing a species of curves which go from one pole 





to the other, and forming as it were an ellipse, having for its 
axis that of the bar, and for its foci its two poles. To make 
these figures evident, we should project the iron filings, after 
the manner of rain, upon a sheet of white paper or upon a 
pane of glass, covering the magnetised bar; by means of 
small taps given to the paper, the arrangement of the filings 
and the formation of the figures is facilitated. M. de Haldat 
succeeded in fixing these figures, which he termed magnetic 
phantoms ; with this view, he applied to a pane of glass upon 
wbich the figure is formed, a sheet of stiff paper impregnated 
with starch glue prepared from gelatine ; the powder of iron 
filings is thus obtained fixed, ss it was distributed upon the 
glass We are, by this means, enabled the more easily to 
study the distribution in all its details M. de Haldat thus 
proved that the centres, whence the radiating lines arise, are 
in truth the poles of the magnet, which are themselves 
deprived of the iron filings. The disposition of the curves 
formed by the iron filings is such that, divergent at their origin, 
they are never distinct and separate from each other through- 
out their extent. On the contrary, they unite again after their 
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origin, and form species of meshes. M. de Haldat has also 
studied the magnetic phantoms produced by two magnets 
placed in relation to each other in various ways; and he esti- 
mates that this study may lead to important results on the state 
of magnetism in all bodies, on its power and its distribution. 

Long before M. de Haldat, the magnetic curves had fixed 
the attention of many philosophers, independently of the de- 
scription given of them by Lucretius.* Thus Mushenboeck, 
Lambert (who had succeeded in giving the equation of their 
curves), Playfair, and Leslie, have also been successively 
occupied with them Dr. Roget simplified the methods 
described by his predecessors, and pointed out some easy 
processes for obtaining these curves graphically. The fol- 
lowing are the principal properties of these curves, engen- 
dered by the simultaneous and contrary or similar action of 
the two polarities of magnets upon parcels of soft iron, or 
upon infinitely small magnets. 

1st. The difference of the co-smes of the angles formed 
with the axis of the magnetised bar by the lines which join 
any given point of the curve with the two poles, is a constant 
quantity, these angles being taken on the same side. 

2nd. À tangent, drawn to any point of the curve, cuts the 
axis produced of the magnet producing it in such a point, 
that its distance from the nearest pole is to the absolute 
length of the magnet as the cube of the distance from the 
point of the tangent to the same pole is to the difference of 
the cubes of its distances from the two poles. 


* _« Fit quoque, ut a lapide hoc ferri natura recedat 
Interdum ; fugere, atque sequi consueta vicissim, 
Exsultare etiam Samothracia ferrea vidi ; 

Ac ramenta simul ferri furere intus ahenis 
In scaphiis, lapis hic magnes quum subditus esset ; 
ane adeo fugere a saxo gestire videtur 

Ære interposito ; discordia tanta creatur : 
Propterea, quia nimirum prius æstus ubi æris 
Præcepit ferrique vias possedit opertas ; 
Posterior lapidis venit æstus et omnia plena 
Invenit in ferro ; neque trabat quâ tanet, ut ante; 
Cogitur obeensare igitur pulsareque fluctu 
Ferrea textu suo, quo pacto respuit ab se, 
Atque per æs agitat sine eo quod sæpe resorbet.” 

De Rerum Naturä, vi 1041-54 Wakeñeld’s edition. 
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3rd. The sines of the angles, formed by this tangent with 
the right lines which measure these distances to the two 
poles, are to each other as the squares of their distances. 

Dr. Roget described an instrument suitable for tracing 
these curves by a continuous movement, and founded upon 
the first of the principles announced above. He also ac- 
quainted us with the following process, by the aid of which 
they are described by points : — 

From each pole as a centre, and with radii of an arbitrary 
length, two circumferences are traced. After having pro- 
duced the axis until it meets them, it is divided into any 
number of equal parts; each of the points of the division is 
projected perpendicularly upon the circumference. Through 
the centre of each circumference, and the points that have 
been determined upon it, are drawn radii, indefinitely pro- 
longed. These radii cut each other mutually in points which 
belong to the curves in question. If the two generating poles 
are heterogeneous, the curves are called convergent, and are 
curvilinear diagonals, in the direction of the magnetised 
axis, of quadrilateral intervals formed by the intersection of 
the radii. If the two poles are homogeneous, these curves 
are Called divergent, and their direction is determined by 
that of the curvilinear diagonals perpendicular to the former, 
and consequently to the axis that joins the poles.* 

But to return to the employment of the two methods, 
which will give us more accurate results. With the torsion 
balance, Coulomb used two similar magnetised needles, one 
fixed, the other movable ; by means of which he determined 
the law of the inverse of the square. He made the fixed one 
slide behind a thin wooden rule, which separated it from the 
movable one, care being taken that it remained vertical He 
then noted the torsion which it was necessary to give to the 
suspending thread, to constrain the extremity of the movable 
needle to remain in the plane of the magnetic meridian, and 
almost in contact with the fixed one, from which it was sepa- 
rated only by the thickness of the wooden rule. By ope- 
rating in this manner, Coulomb avoided the effect upon the 

* For the mathematical developments, see the note D, at the end of the volume. 


CHAP. L THE MAGNET AND MAGNETIC PHENOMENA 187 


movable needle of any other points than that which was in 
the same horizontal plane with it; he no longer had occasion 
to take account of the directive force of the earth, since the 
needle remained in the magnetic meridian. The angles of 
torsion necessary for maintaining them exactly represented, 
therefore, in each case, the magnetic force of the point acting 
upon the fixed needle. 

In the second method, Coulomb caused the proof-needle to os- 
cillate before the different parts of a long magnetised bar, which 
he made to glide along vertically, so that all its points were 
to be found successively in the horizontal plane of the needle, 
and: at the same distance. Calling #»’, 5”, and m’”, the total 
action exercised upon the needle, when it is successively 
before each of the points of the bar, m being still that of the 
terrestrial magnetism, and n”, n”, n’”’ the number of oscillations 
made by the proof-needle before each of these points, n being 
the number of oscillations when terrestrial magnetism alone 





nm n2 : 
acts upon the needle, we have — = — ; 

m n° 
m’’ n’'3 m'”' n’’'2 h nce Nm M n?— n? 
— =; — = : whe —_— = -——, ; 
m n? L m n? 3 m'’ mn n’’? — n? 3 
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Now m° — m,m” — m,m/" — m, represent the magnetic 
forces emanating respectively from each point of the magnet ; 
because these quantities are the total action diminished by 
that of the terrestrial magnetism, and we may compare these 
together when once we have by experiment determined n, », 
| n, nr”, & c. 

The following is a table of the results obtained by Coulomb 
with a steel wire 285 in. long, and ‘176 in. in diameter. 

The proof-needle, before the steel wire was presented to it, 
made one oscillation in a minute, or 60/’. 


Before the extremity of the wire it made 64 oscil. in 60” 

Before the same extremity lowered ‘53 in. 58 » » 
» ” 106 ,, 44 y» n 
EE CT) 212 » 18 1" 
” ” 3-18 ,, 12 , n 


” » 480 , Ilto2 ” 
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Thus, setting out from the point situated from 4 in. to 
43 in. below its extremity, the steel needle presented no 
sensible magnetic force. By continuing to lower the needle, 
it was found that the almost complete absence of action 
continued to about a distance of 4 in. to 45 in. from the 
other extremity. But, setting out from this distance, the 
same were again produced in an inverse order; and the 
proof-needle made a complete rotation to present its other 
pole to the action of the steel wire, the second pole of which, 
in like manner, commenced acting upon it. 

By the employment of this method, we may easily prove 
the presence of consecutive points or mtermediate poles, in 
the portion of a magnetised wire or steel bar comprised 
between its extreme points: we can also determine the 
intensity of the magnetic forces with which they are endowed. 
With regard to the intensity of the forces that emanate from 
the very extremities of the magnetised wire, it is neceseary, 
in order to obtain the true expression, to double the result 
obtained ; for the effect would evidently be, for these extreme 
points, the double of what it is really if the magnet were 
prolonged beyond and presented points on the outside as 
efficacious as those that are within ; which takes place for the 
other parts of the bar. 

Coulomb also succeeded in representing geometrically all 
the results that he obtained, by erecting upon each of the 
points of a horizontal line, representing a magnetised wire, 
perpendiculars of lengths proportional to the intensities ob- 
tained by experiment. The extremities of these perpendiculars, 
in the experiment that we have related above, form a 
curve, which is confounded with the axis of the wire, which 
was 283 in. long, for a length of about 191 in., and goes on 
receding rapidly from this axis from the 45 in. and the 24th 
in. to the extremities, where it attains its maximum (Fig. 77.) 

It is very remarkable that this curve, or, which comes to 
the same thing, the distribution of the magnetism of which it 
is the representation, is exactly the same for wires or plates 
of different lengths, provided that the length exceeds eight 
inches; there is no other difference, except that the space left 
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in the middle, where the magnetism is sensibly null, varies in 
length. It follows also from this, that all magnets of the 
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same force, and of greater length than eight inches, have 
their poles at the same distance from their extremities : this 
distance is about 14 in., according to Coulomb’s calculations. 
The same philosopher found that, when magnets are too 
short, their poles are very nearly one-third of their half-length 
from their extremities: thus, for a needle of 8} inches, the 
poles will be at a distance of 7; in. at least from its ex- 
tremities, 

All these results are only true for magnets whose length 
is very great in respect to their transverse dimensions, whose 
form is perfectly regular, such as the cylindrical or rect- 
anguler, and which are magnetised in a normal manner. 
With needles in the form of a lozenge the poles are much 
more distant from the extremities : in this case, as in others, 
the proof-needle must be employed, in order to determine 
their position; calculation cannot lead to it à priori, 

M. Becquerel endeavoured, by means of the torsion balance, 
to determine the distribution of magnetism in excessively fine 
steel wires: he obtained these wires by drawing through the 
draw-plate a steel cylinder, of small diameter, which he had 


190 MAGNETISM AND ELECTRO-DYNAMICS. PART III. 


placed in the axis of a cylinder of silver ten times larger. 
Then, after having obtained a very fine silver wire, having 
for its axis an almost capillary steel wire, he dissolved the 
silver in mercury, which did not attack the steel, and ob- 
tained an almost microscopic steel wire. 

These wires are not susceptible of acquiring strong mag- 
netism: however, they become suffciently magnetised to 
enable us to pruve that the distribution of their magnetism 
follows very nearly the law deduced from Coulomb’s ob- 
servations M. Becquerel found that, in a wire ‘00052 in. in 
diameter, and 5 in. in length, the poles were ‘334 in. from 
its extremities. One might have thought that they would 
bave been at the extremities themselves, which would pro- 
bably have happened, had the wire been composed of only 
one range of consecutive particles; an ideal case, which it is 
not possible to realise, 

M. Kupffer has remarked, by means of very deltcate ex- 
periments, made by the method of oscillations, that there exists 
in a magnetised bar a point, which exercises absolutely no 
action upon the needle, and which he has termed point of 
indifference. The position of this point is influenced in a very 
pronounced manner by terrestrial magnetism, when the bar 
is not strongly magnetised. If this bar is arranged in a 
vertical position, its north pole being below, the point of 
indifference is found to be nearer to the north than to the 
other pole. If the bar is inverted, the point of indifference 
approaches the middle. In the former case, the north pole of 
the bar was stronger than the south pole. In the latter case, 
the two poles approached gradually towards having the same 
power. Ît would follow from this, that the point of in- 
difference would be always nearer to the stronger pole; and 
that the kind of influence of terrestrial magnetism that has 
just been pointed out, would consist simply in determining a 
greater intensity in one of the poles than in the other. The 
same effect may be remarked upon a horizontal magnet ; its 
north pole is stronger than its south, when it is in its natural 
direction. 
 Elevation of temperature, as we have seen, diminishes the 
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magnetic intensity of a bar. M. Kupffer has shown that it 
also modifies the distribution of magnetism in the same bar. 
The displacement of the point of indifference is especially 
sensible, when only one of the poles is heated. The point of 
indifference recedes from the heated pole, which also becomes 
more feeble. 

It would seem to result from these observations of 
M. Kupffer, that the relative intensity of the two poles is the 
only cause exercising an influence over the distribution of the 
magnetism ; and it is only because they modify this in- 
tensity, that different circumstances, such as terrestrial mag- 
netism and variation of temperature, cause this point of 
indifference to undergo a change of place. Finally, we 
should be led to believe that, if the point of indifference does 
not remain in the middle of a bar, but is carried from the 
stronger side when the two extremities have not the same 
magnetic power, it is because the sum of all the opposed 
forces being necessarily always equal to each other, this 
condition can be fulfilled only so long as the points from 
which the more feeble emanate are more numerous than the 
points from which the more intense emanate; and, conse- 
quently, that the portion of the needle whose extremity has 
the greatest amount of magnetism is shorter than the portion 
whose extremity has the least. 


Theory of Magnetic Fluids and of the Coercitive T'orce. 


The sort of considerations that we have been discussing 
lead us to entering upon the theory of magnetism, a subject 
which the labours of Coulomb, followed by the mathematical 
researches of Poisson, would seem to have exhausted, when 
the discoveries of which we shall speak in the following 
Chapter, if they did not totally overthrow, at least modified 
considerably, the theoretical ideas of these two philosophers, 
However, their theory is too important, and at this time too 
widely extended, to permit of our passing over it in silence, 
The importance and the utility of being acquainted with it, 
in order to comprehend that which has been substituted for 


192 MAGNETISM AND ELECTRO-DYNAMICS. PART UT. 


it, and which includes a great number of points common 
with it, render its exposition still more indispensable, even 
although we should be obliged to abandon it hereafter. 

As soon as we enter upon the study of magnetic phe- 
nomena, we are struck by the analogy they present with 
electric phenomena: we are then very quickly tempted to 
attribute them to two magnetic fluids, possessing properties 
of the same kind as those possessed by the two electric 
fluids ; one, the north magnetic fluid, would be the cause of 
the effects produced by the north pole of a magnet; the 
other, the south fluid, of the phenomena presented by the 
south pole of the magnet. The fluids of the same name repel 
each other; those of the contrary.name attract Analogy, 
however, would not go further; for experiment has shown 
that the magnetic and electric fluids exercise mutually no 
influence upon each other: moreover, the electric fluids may 
be manifested upon all bodies in nature, whilst the mag- 
netic fluids are sensible only upon a very small number of 
bodies. 

An important experiment shows, moreover, that the two 
magnetic fluids are not distributed in a magnetic bar in the 
same manner as the two electric fluids are in an insulated 
conductor ; on the contrary, their distribution would seem to 
have much more analogy with that assumed by the two 
electricities in an insulating body whose successive particles 
are polarised, as the recent researches of Faraday have de- 
monstrated. 

The following is this experiment. We take a magnetised 
cylindrical needle, of good and well-tempered steel, and 
presenting no consecutive points; we satisfy ourselves that 
each of its halves possesses a contrary magnetism We 
break it in the middle; it would seem that each half ought 
to possess only one of the two magnetisms after its rupture, 
as it had before : it is not so, however ; each of its halves 
has become a perfect magnet, having its two poles and its 
point of indifference in the middle. The half that is termi- 
nated by a north pole has acquired a south pole, and that 
which is terminated by a south pole has also acquired a north 
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pole at its new extremity ; so that, at the point of rupture, 
two contrary poles make their appearance. We may also 
break through the middle of each of the former frag- 
ments that had become magnets, and so produce four new 
magnets, perfectly similar, except in dimensions, to the pre- 
ceding. These latter may be again broken in like manner; 
and if this operation is pursued to the last possible limits of 
mechanical division, however small the fragment obtained 
may be, it always gives a magnet having contrary poles, and 
endowed with all the properties of a more considerable 
magnet. 

We should necessarily conclude, from this curious experi- 
ment, that the two magnetisms are equally to be found in all 
the particles We are therefore led to admit, that each 
particle of a magnetic body contains the two magnetisms in 
equal proportions; that, in the natural state, these two mag- 
netisms neutralise each other, and there is no action from 
them: but that the magnetism separates them without their 
leaving, on that account, the particles which contain them; 
only all the magnetisms of one kind are led toward one side 
of the particle, and all the magnetisms of the other kind are led 
toward the other side. Let us suppose a filament, or a series 
of particles ranged one after the other, in a right line. We 
move along this series the north pole of a magnet; this pole 
decomposes successively the natural magnetism of each of 
the particles over which it passes ; it attracts the south mag- 
netism into the extremity of the particle directed to the side 
toward which it travels, and repels the north magnetism into 
the opposite extremity. In this way, each particle has a 
south pole turned in the direction followed by the magnet 
that is moved along, and a north pole turned on the other 
side. A south pole is finally found on the outside of the last 
particle touched by the magnet, and a north pole on the out- 
side of the first These two poles will be the only active 
ones, for the contrary magnetisms of all the intermediate 
particles will be mutually disguised, although they are in 
different molecules (Fig. 78.). If they were in the same, 
they would neutralise each other. The experiment in which 
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a magnet is broken is the proof that they are only disguised ; 
the two poles that appear are due to the contrary magnetisms 
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Fig. 78. 


which occur in the extremities facing the contiguous particles 
that rupture has just separated. Had they been neutralised, 
and not simply disguised, these magnetisms would not have 
been set at liberty by the separation of the two particles. 
The nature of the two poles that are manifested at the points 
of rupture of the two fragments is perfectly in accordance 
with theory, as is rendered evident by the figure. This 
property, that is attributed to the two magnetisms, of being 
able to disguise without neutralising each other, may be 
proved directly by experiment. It is sufficient for this 
purpose to suspend any object of soft iron, for example a key, 
to one of the poles of a magnetised bar, and to approach it 
from above with the opposite pole of a similar bar. Atthe 
moment when contact between the two contrary poles occurs, 
and sometimes even 2 little before, the suspended iron object 
falls suddenly ; and it is impossible to cause it to be sustained 
again so long as the opposite poles of the two bars are in 
contact, a proof that the action of the one is disguised by the 
other ; in fact, as soon as they are separated, they each 
recover their former energy. 

However, one cause which, while it sensibly modifies the 
distribution of the free magnetism, has an influence also upon 
the place of the poles, is the mutual action which the two 
poles of the contrary name may exercise upon each other, and 
which becomes sensible, on account of their limited distance, 
in very short magnets. This action recomposes a great part 
of the magnetism developed by exterior magnets in the act 
of magnetisation: thus we sce that the quantity of free 
magnetism is much less in short magnetised wires than in 
long ones. This reaction of the contrary poles upon each 
other ceases to be sensible, it is true, in magnets whose length 
is very great; but it is then exercised upon the intermediate 
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portions, and tends to develope their natural magnetisms, as 
an exterior magnet would. Hence result the consecutive 
points, which are thus formed of themselves in very long 
pieces of steel, as soon as they are withdrawn from the influ- 
ence of the bars by which they are magnetised. 

The case of a simple series of particles is only a theoretic 
case, We may approximate to it by employing very fine 
steel wire, as Becquerel did; but it is never completely 
realised. In fact, a magnet is a union of a greater or less 
number of similar series of particles, —series which would 
be parallel in a cylindrical or in a perfectly prismatic magnet. 
The poles of the magnet, which are the points of application 
of the resultants of all the forces emanating from the poles 
situated at the extremities of these parallel series, ought in 
this case to be found at the very extremities of the bars. 
But this result is never completely realised, because, in con- 
sequence of the molecular structure of the metal, the series of 
particles are not perfectly parallel: because, also, they are never 
all equally prolonged to the end. This last case is especially 
presented in needles whose form is not that of a prism or a 
cylinder ; in those of a lozenge form particularly. It is evi- 
dent that the resultant of the forces emanating from the 
extremity of each series cannot have its point of application 
at the extremity of the needle ; but it must necessarily be at 
a point nearer to its centre We shall see further on that 
the difference we have been pointing out between the result 
of theory and that of observation is connected also with other 
causes of a more important order, relative to the magnetic 
state of the interior portions of a magnet. 

The theory of magnetism that we have been unfolding 
implicitly supposes the existence of a force, that has been 
called coercitive. It would be analogous to what in electricity 
is the insulating force that maiïntains the two separated elec- 
tricities in a body whose particles are polarised, as occurs 
in the experiment of Matteuccis that we have quoted, of a 
pile formed of several superposed plates of mica, which, when 
separated, are found to be electrised plus on one of their 
surfaces, and rninus on the other. 
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The coercitive force is that which maintains the two mag- 
netisms separate in each particle, by compelling them to obey 
their mutual attraction. This same force must equally be 
opposed to their separation ; it is, therefore, that which must 
contend against magnetisation. Thus, we remark, that the 
bodies which are the most difiicult to become magnetised, 
such as tempered steel, preserve better the magnetism that 
has been given to them; whilst those which, like soft iron, 
are very easily magnetised, in like manner immediately lose 
their magnetism. The former have a considerable coercitive 
force ; the latter have a very feeble, or hardly any force. 
This difference may be made manifest by a very simple 
experiment. À soft iron wire is to be suspended from the 
pole of a magnet by one of its extremities; we immediately 
find at the other extremity a pole capable of attracting iron 
filings ; if we then cut the wire, still leaving it suspended by 
the magnet, at a small distance from this pole, the detached 
fragment has no longer at either of its ends any trace of 
magnetism. With steel wire the fragment would be a true 
magnet, having at each of its two ends a different pole. 

Heat destroys the coercitive force ; and so it is that mag 
netised bodies lose their magnetism when they are brought 
to a high temperature ; the two magnetisms then unite in 
cach particle. But, if they are under the influence of terres- 
trial magnetism, then the feebleness of the coercitive force 
again permits the separation under this influence of natural 
magnetism ; a separation which is maiïntained when, after 
cooling, this force has become more considerable. Æpinus 
had also found, that a steel needle or bar may be powerfully 
magnetised by heating them to a red heat, and allowing them 
to cool between the two contrary poles of strongly magnetised 
bars, which produce the same effect as the action of terrestrial 
magnetism. 

Mechanical actions have the same influence over the 
coercitive force that heat has ; and therefore it is that they 
facilitate magnetisation, as we have already seen by numerous 
examples. The following is a new experiment by M. de 
Haldat. Unannealed iron wires, about 4 in. in length and 
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35th in. in diameter, had been placed horizontally between 
two bars, the contrary poles of which were turned toward the 
end of the wire, but at a distance too great to magnetise them 
by their influence. However, as soon as they are rubbed in 
the direction of the poles with hard bodies, they acquire a 
decided magnetic polarity under this influence. 

The following, on the other hand, is a case in which me- 
chanical actions bring about demagnetisation. M. de Haldat 
succeeded, by moving the pole of a magnet over steel plates, 
and even over plates of sheet iron, in determining in them, by 
magnetisation, figures that became visible when iron filings 
are spread over the surface of the plates and sheets, and 
gentle taps are given. The parcels of iron accumulate at the 
limits of the tracing, leaving bare the interval which marks 
its thickness, so that they are found collected together upon 
the lines by which the magnetised parts are separated from 
those that are not magnetised. The magnetism that is thus 
developed by simple friction, or rather by the simple approach 
of a bar, remains for a very long time. To make it disappear, 
we have merely to strike the plates strongly for a minute or 
two on a plank with a small wooden mallet, which excites 
reiterated and violent vibrations among them. It of course 
follows, that the same effect is obtained by heating the plates ; 
wc have merely to raise their temperature to straw yellow. If 
a cartridge made of very fine iron filings is magnetised, it 
will preserve its magnetism for a very long time; but it 
immediately loses it when the particles of filings are agitated. 
This last experiment would seem to prove that magnetisation 
and demagnetisation should be connected with a change in 
the relative position of the particles of the magnetised body, 
and would also explain the effect of heat and of mechanical 
action that would facilitate the return of the particles to their 
natural position, which magnetisation might have altered. 
The coercitive force, in this manner of regarding the phe- 
nomenon, would only be the greater or less resistance of the 
particles to a modification in their mutual arrangement, such 
as constitutes the natural structure of bodies. We shall see, 
in the Third Chapter, in which we shall be again engaged on 
0 3 
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magnetisation, that facts of a different order are altogether 
favourable to this opinion. 

Finally, to complete the theory, we ought to add that a 
magnet may be constructed by following the principles upon 
which it rests. For this purpose, we have merely to cut a 
great number of small bits of very soft iron wire, and then to 
place them end to end one after the other : by presenting the 
pole of a magnet to one of the extremities of the series, we 
see all the fragments of which it is composed adhere strongly 
to each other; and, at the other extremity, there arises a pole 
of the same name as that of the magnet which has been 
brought near. In a word, the series possesses all the pro- 
perties of a true magnet. But as soon as the pole which 
produced this effect is withdrawn, every trace of magnetism 
disappears, and the small fragments detach themselves from 
each other; a result which arises from the absence of the 
coercitive force in the soft iron, and because, consequently, 
as soon as the cause which has separated them is no longer 
there, the contrary magnetisms of each particle mutually 
neutralise each other. What occurs in each fragment occurs 
in like manner in each individual particle of a body that is 
magnetised. 

Some philosophers had admitted in magnetism, as in elec- 
tricity, the hypothesis of a single fluid. Æpinus, in sub- 
mitting it to calculation, had found, that in order to be in 
accordance with facts, it would be necessary to fulfil the 
following conditions : — 

1st. That the particles of the one magnetic fluid repel each 
other with a force the inverse of the square of the distance. 

2nd. That the particles of this fluid attract those of iron, 
and are themselves attracted by them. 

3rd. That the magnetic fluid can move in the pores of iron 
and soft steel without difficulty ; and that, on the contrary, 
this movement surmounts obstacles in hard and tempered 
stecl, 

Ath. That the particles of iron mutually repel each other, a 
condition similar to that to which a single fluid in electricity 
leads in respect to all bodies, and which is irreconcilable with 
the ideas that are admitted of the constitution of matter. 
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On the different Processes of Magnetisation, and on the Magnetic 
Power in general. 


The considerations into which we have entered, and the 
facts that we have studied, enable us now to return, with a 
better knowledge of the cause, to an important point at which 
we have only glanced ; we would speak of magnetisation, and 
of the influence of different circumstances upon the intensity 
of the magnetism that bodies are susceptible of acquiring. 

The most simple process of magnetisation consists in applying 
the pole of a magnet to the extremity of the needle or bar 
that we wish to magnetise. The first particles in contact 
with this pole have their natural magnetism decomposed ; the 
south magnetism is determined toward the side nearest to the 
north pole of the magnet, and the north magnetism upon the 
more distant side ; this latter magnetism decomposes in its 
turn the natural magnetism of the subsequent particles, and 
so on to the most distant extremity of the bar, the particles 
of which are thus found to be possessed only of a magnetism 
similar to that of the magnetising pole. 

This is the theory of the process; but the phenomenon 
does not always occur so simply. Dr. Robison, a Scotch 
philosopher, has observed that when, instead of soft iron, steel 
is magnetised by this means, the acquisition of the magnetism 
is gradual and progressive, and that the gradation is the more 
sensible as the steel of the bar, upon which we operate, is the 
more tempered. Thus, when we apply the north pole of a 
magnet to the extremity of a hard steel bar, the extremity in 
contact immediately acquires a south pole, and the other is at 
first not at all affected. We then observe a north pole formed 
at a little distance from the south pole ; and, after the latter, 
a second very feeble south pole. These poles advance 
gradually along the bar: at the extremity most distant from 
the contact a feeble south pole appears, and it is only after a 
long time (if it ever happens at all) that a sitnple and vigorous 
north pole is found there. More frequently this north pole 
remains diffused and feeble ; and, even if the bar is very 
long, it frequently happens that we find upon it a succession 
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of north and south poles, which never advance suffciently to 
attain to its extremity. 

By means of a proof-needle, or by placing upon the bar a 
sheet of paper powdered with iron filings, we very readily per- 
ceive this march of the poles, which is brought about more or 
less rapidly. If the temper of the bar is not higher than that 
of cutting instruments, and the bar is only six or eight inches 
long, the progress of the magnetisation is arrested at the end 
of a few minutes When the bar is very hard, the progress 
of the magnetisation may be greatly accelerated by striking it 
with sufficient force to make it ring, simply with a key, 
especially if it is suspended vertically. But it is rarely that 
we thus obtain a uniform magnetisation, that there are 
formed simply two poles, and that these poles are of equal 
force: that which is formed at the extremity most distant 
from the point of contact is in general diffused, and con- 
sequently more feeble. In order to magnetise powerfully by 
simple contact, it is necessary, when the coercitive force is 
considerable, to place the bar between two contrary poles; 
the magnetisation being then made in both directions at the 
same time, which concur in the same final result, the operation 
is more speedily accomplished, and more perfect. 

A second process, more energetic than the preceding one, 
and which is more commonly employed, consists in moving 
the piece of steel that we desire to magnetise along the pole 
of a magnet : we have already given the theory of this The 
coercitive force is more easily surmounted in this operation, in 
which each particle of the rubbed surface is subject, in its 
turn, to the direct influence of the magnetism of the pole. 
We have only to repeat the rubbing several times, especially 
if the coercitive force is great; but we must take care that it 
is always in the same direction. The effect of this reiteration 
of rubbing is not easy to comprehend. In fact, if, after having 
magnetised a needle by a first operation, we bring back the 
pole of the magnet to the extremity first touched, we begin 
by destroying the magnetism which has just been given to it 
before restoring it by a second rubbing. Each molecule, 
therefore, when rubbed, becomes first magnetised in a direction 
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contrary to that in which it is afterwards Why, therefore, 
does a second rubbing increase the effect of the first, a third 
that of the second, and 80 on, to a certain limit? It would 
appear that the movement impressed alternately, in contrary 
directions, upon the two magnetisms of the particles, favours 
their separation, and that the coercitive force yields more easily, 
after having already been several times surmounted, than 
when it has not yet been. There is in this, as it were, a kind 
of vibration necessary for magnetisation, and the intensity of 
which increases with the number of rubbings. We may in 
this process follow, in like manner as in the former, the march 
of the magnetisation. By moving along a bar the poles of a 
magnet, the line of whose poles is perpendicular to the axis 
of the bar, we perceive that there appear successively at the 
extremity last touched, a pole of the same name and a pole 
of the contrary name to that which is moved along, and the 
reverse takes place at the extremity first touched. The in- 
termediate points pass through very variable magnetic states ; 
those states present many anomalies, arising probably from 
differences of molecular constitution existing between the 
different bars submitted to experiment, and of which no two 
are ever identical. 

When we desire to magnetise very powerfully a compass 
needle or plate, of a thickness not exceeding À of an inch, 
we must arrange, at the two extremities.of the needle to be 
magnetised, two powerful magnets so that they may act by 
their opposite poles upon the two ends of this needle. The 
latter is placed upon the magnet, so as to pass about an inch 
over its extremities We then take two other magnetised 
bars, and holding them each in one hand, we touch with their 
opposite poles the middle of the needle; then, inclining them 
25° or 30°, they are made to slide, under this inclination, onc 
towards one of the extremities, and the other towards the 
other extremity of the needle. They are then brought again 
to the middle, to go through the same operation again, which 
is repeated until the magnetisation has become sufficiently 
powerful. Care must be taken that the pole of each bar 
that touches the needle is the same as that of the fixed magnet 
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towards which it is made to slide, in order that the two effects 
may be added together. This process, called Duhamel’s, or 
separated touch, is not sufficient when the plates to be mag- 
netised have great thickness; we must then employ Æpinus’s 
method, called double touch. It differs from the preceding 
only in that the two bars that are employed for magnetisation 
are moved along together and not separately, setting out from 
the middle of the plate to be magnetised. They are made to 
slide first upon one of the extremities, and are then returned 
along the whole length of the bar to the other extremity ; 
these frictions are continued for a longer or shorter time by 
this backward and forward movement, with the condition of 
always beginning and ending at the middle, and taking care 
to stop only after having passed the same number of times 
over each part of the plate to be magnetised. 

The process of double touch, while it produces a stronger 
magnetisation, and precisely, as we have seen, because this 
magnetisation 18 too strong, and thus determines a reaction of 
the poles upon the parts of the magnet that are near to them, 
possesses the inconvenience of frequently giving rise to conse- 
cutive points when the plates are of great length, and of giving 
poles of unequal force. It would be better, therefore, to 
employ Duhamels process of separated touch, when operating 
upon compass needles or plates intended for accurate appa- 
ratus. This process is superior, even in this respect, to the two 
first that we have described. In fact, the presence of conse- 
cutive points is very hurtful to the sensibility of a compass 
needle, for its directive force is then only the difference 
existing between the force with which the two poles that are 
at its extremities are directed by the earth, and that with 
which the two poles respectively opposed to these on the 
same side, but nearer to the centre, are determined in a dif- 
ferent direction. If the former have the predominance it is 
because they are in general the stronger, and also because 
they act with the longer arm of a lever. 

We have explained, in a very summary manner, the dif- 
ferent processes of magnetisation, that have been successively 
put in practice. À very great number of philosophers, besides 
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those we have named, have been engaged on this subject : 
Canton, Mitchell, Antheaume, Savery, have all, as well as 
Duhamel, Æpinus, Robison, and Coulomb, that we have 
already cited, pointed out new methods for perfecting the 
old ones. As we are here not giving a history of the 
science, we cannot enter into the details of these methods and 
improvements: however, we must say one word upon the 
labours of a philosopher who is particularly celebrated by 
the attempts which he made to obtain the most powerful 
artificial magnéts that were possible; it is Dr. Knight, who 
lived in the last century, and whose researches date especially 
from the year 1766 and the following years. The Royal 
Society of London possess a magnet, made by Dr. Knight, 
and which is confided to the care of Mr. Christie, the armature 
of which requires a weight of 1001bs., in order to detach it 
from the poles. This powerful magnet 
is composed of 450 magnetised bars, 
each 15 inches long, 1 inch wide, and 
4 an inch thick; they are fixed in a 
box 80 as to present at each of its ex- 
tremities two poles (Fig. 79.), which 
come out horizontally to a length of six 
inches, a height of twelve, and a width 
of three. This magnet, which Dr. Knight had taken great 
pains to construct and to maintain in a good condition, he 
called his reservoir of magnetic force : it was formerly much 
more powerful than it is at present; the needle of a compass 
that touched it would acquire s0 great a force of polarity that 
it would be in a condition to destroy all the polarity of the 
best compasses in England. A fire that occurred in the 
house where this magnet had been placed after the death of 
Dr. Knight, altered its force, and, notwithstanding the efforts 
that have been made to restore it to a good condition, it has 
never recovered its primitive vigour. Dr. Knight also suc- 
ceeded in making small artificial magnets, which could carry 
as much as a hundred times their own weight. He also en- 
deavoured to compose magnetic pastes, susceptible of ac- 
quiring a much stronger magnetism than steel. According 
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to Ingenhousz, the composition that gave the most satisfactory 
results, was a mixture of the powder of a natural magnet, 
very fine powdered charcoal, and linseed oil, which had been 
‘allowed to dry slowly. ÆExperiments made by Ingenhousz 
himself proved to him that pastes, into the composition of 
which the powder of the natural magnet entered, were very 
superior to those prepared with the powder of iron, which is 
evidently due to the natural magnet having more coercitive 
force than iron. 

It has never been properly known in whèt Dr. Knight’s 
processes of magnetisation consisted. It is probable that he 
possessed no processes, properly so called, but that by trials, 
by persevering cares, and frequently-repeated operations, he 
succeeded, in course of time, in giving to his magnets the ex- 
traordinary powers that have rendered them celebrated, 

Whatever be the process of magnetisation that is employed, 
there exists for each bar or needle a limit of magnetic force, 
beyond which we cannot pass when once it has been attained. 
We can very readily develope momentarily a stronger mag- 
netisation ; but, when once the magnetisation shall have 
ceased, the magnetism that the body will preserve will 
diminish until it has arrived at this limit, which is termed 
the point of saturation. Thus a needle makes 100 oscillations 
in 60”; we magnetise it more strongly, it makes them in 40”. 
At the end of a month or two it still makes 100 oscillations in 
40”. We are able, by employing more powerful means of 
magnetising it, to cause it to make 100 oscillations in 30”, 
but, at the end of a certain time, it returns to making but 
100 in 40”. It is evident that this latter number indicates 
the limit of the intensity that it is susceptible of preserving: 
it is therefore its point of saturation —a point that essentially 
depends upon the coercitive force of the body that is mag- 
netised. 

Bodies that have been magnetised beyond the point of 
saturation do not return to it immediately : this return some- 
times does not occur until after a very long period ; it may 
be influenced by many exterior causes, the change of tem- 
perature, the neighbourhood of other magnets, the action of 
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the earth, &c. Saturation does not itself occur within limits 
so definite as might have been expected. There frequently 
occurs in the magnet a reaction of the north and south fluids, 
which augments or diminishes the magnetic intensity. To 
discover whether a body is magnetised to saturation, we have 
merely to magnetise it in the same direction with more 
powerful bars than those with which it had been at first 
magnetised If its magnetism increases but feebly, and if this 
increase disappears with time, we may be sure of having at- 
taincd the point of saturation by the first operation. 

An important precaution is never to re-magnetise a body 
with bars more feeble than those which were at first em- 
ployed to magnetise it. Not only do we add nothing to its 
force ; but we on the contrary diminish it, by bringing back 
its magnetism to that which would have been imparted to it 
by the bars last employed, had they alone acted upon it at 
first. This result is produced because the bars, that are made 
to slide along, magnetise it only by recomposing at first, and 
then decomposing the magnetism of each of the particles of 
the magnetised body upon which they are made to pass. 

The action of the earth may in like manner diminish the 
magnetism of bars magnetised to saturation, when they are 
struck while placed in certain positions. Dr. Scoresby has 
made a great number of curious experiments upon this subject, 
from which it follows that the earth always acts like a 
powerful magnet, the influence of which may counteract or 
reinforce the magnetism already acquired, according to the 
inanner in which the body is placed. The same philosopher 
has also succeeded in magnetising steel bars to saturation, 
simply by the action of terrestrial magnetism. With this 
view he took two steel bars, 30 inches long and 1 inch wide, 
and then six others 8 inches long and 1 an inch wide. A 
large iron bar was struck in a vertical position, thus being 
magnetised by this percussion: it was immediately placed, 
without its direction being changed, upon each of the large 
steel bars, which were at the same time struck. Each of the 
small bars was then placed also vertically on the summit of 
one of the large bars, and successively struck: in a few 
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moments they had acquired a great power of suspension. 
Finally, the six small bars were then successively united, two 
and two, by their opposite poles by means of small bars of soft 
iron, and were rubbed with the others according to the process 
of double touch, and at the end of these operations it was 
found that they were magnetised to saturation. 

Form is another circumstance that notably influences the 
intensity of magnetism that a body is susceptible of ac- 
quiring. Coulomb having cut from the same plate of steel, 
necdles which he tempered in the same manner and then 
magnetised to saturation, found that, for the same thickness 
and the same weight, the form of an arrow is superior to the 
rectangular form. With regard to the degree of temper, he 
found that it is not the highest that determines the greatest 
amount of magnetism; but that this maximum is attained 
when the steel has been tempcred to dull red. 

When compass needles are not in question, but magnets 
which we are endeavouring to procure as powerful as possible, 
the form of parallelopipedons is given to them, which con- 
stitutes magnetic bars, or the form of a horse-shoe. In both 
cases, but especially the latter, the magnet is not com- 
posed of a single piece, but of several similar ones which are 
superposed upon each other, care being taken that the ex- 
tremities, which are placed on each other, have the same 
magnetic poles. Most commonly, slightly different lengths 
are given to these superposed plates, so that their ends recede 
from each other, and the magnet terminates in steps. 

In order to preserve the magnetism in the bars, care is 
taken to provide them with keepers or armatures. These are 
pieces of soft iron placed in contact with the poles of the 
magnets, to maintain their activity by means of the contrary 
poles produced in them by the magnetism of the magnets 
themselves. When it is a horse-shoe magnet, a single prism 
of soft iron is sufficient for uniting the two poles; when they 
are bars, two are gencrally placed in the same box, being 
arranged parallel and at a slight distance apart, care being 
taken to place the contrary poles opposite to each other, and 
upon the two extremities two small prisms of soft iron are 
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placed across (Fig. 80.). These pieces of iron, both in this 
case and the preceding one, become magnets; they react 
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upon the bars, and maintain in them the separation of the 
magnetisms which, but for this precaution, would finish gra- 
dually by combining in a great degree, and s0 recomposing 
the neutral fluid. In compass needles, terrestrial magnetism 
performs the office of an armature by maintaining by its 
power the separation of the two magnetisms. 

The armatures of horse-shoe magnets generally carry a 
scale-pan in which weights are placed, care being taken never 
to exceed the limit of what the armature can carry without 
being detached. These weights, which may be gradually 
increased, retain the power of the magnet, and even tend to 
increase it, providing that the access of weight never becomes 
such that the armature is detached. In this case, the magnet 
suddenly loses a great portion of its power, and it cannot 
recover it except.by a fresh, slow, and gradual increase of the 
weight that its keeper can carry. 

An interesting question, which was first studied by Cou- 
lomb, and afterwards by Nobili, is to know what the magnetic 
condition is of each of the plates, or of each of the wires, 
whose union forms what is termed a magnetic bundle. This 
determination seems to be able to lead to the knowledge of 
the magnetic state of the interior strata of a magnetised 
needle or bar. Coulomb found, by means of the balance, that 
the plates which formed the two exterior surfaces. had a 
much greater magnetic force than the others. He also found 
some in the interior that had their poles inverted. M. No- 
bili, by employing the method of oscillations, succeeded in 
determining very exactly the magnetic state of each of the 
very fine needles, of the same length, which, to the number 
of fifty, formed a bundle that had been powerfully mag- 
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netised. Ile found, after he had undone the parcel, that all the 
needles were magnetised in the same direction : he then made 
up the bundle again, maintaining the contact of the needles as 
perfect as possible, 

Having untied the packet two hours afterwards, he found 
that several of the needles had acquired a contrary mag- 
netism. Hlaving made the same experiment with another 
packet, and having undone it half an hour after magnetising 
it, he found that a certain number of the ncedles had lost all 
their magnetism. It follows from these facts that the 
strongest necdles demagnetise the more feeble, and even im- 
part to them a contrary magnetism ; and that if, in the outset, 
they had reccived the saine degrec of magnetisation, the 
inaynetic force would be very speedily extinguished in the 
whole system. 

These experiments led M. Nobili to conclude that we 
must not consider, as we have done hitherto, a magnetic bar 
as formed of a bundle of filaments of the same length, mag- 
netised to the same degree, and all in the same direction; for 
then the whole system would be very speedily demagnetised. 
He supposes that the interior of the bar is divided into con- 
centric layers, the magnetism of which diminishes rapidly 
from without inwards; and that the conservative condition 
of magnetisation docs not depend upon the coercitive force, 
such as we understand it, but on the mode itself of the dis- 
tribution of the magnetism in magnets. 

In this way of vicwing it, tempering acts by determining 
in the mass such a state, that the exterior molecules, being 
cooled more rapidly than those of the interior, approach more 
closely than the latter arc able to do. It follows from this, 
that tempered stecl possesses a crust, the density and the 
other properties of which differ from those of the internal 
strata. În particular, the magnetism is better preserved in 
it; and on that account it is that magnetised-steel remains 
more strongly magnetic. Ît is for the same reason that soft 
iron, when it has been beaten under the hammer, or has been 
passed through the draw-plate, acquires the property of pre- 
serving a small amount of magnetism. The exterior parts 
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having been rendered more compact than those of the in- 
terior, there arises an unequal distribution of the magnetism, 
which is found in greater quantity on the exterior than on 
the interior. This also causes small bars to take propor- 
tionally more magnetism than large ones, their surface, in pro- 
portion to their volume, being more considerable. The 
following new experiment by Mr. Nobili is entirely in sup- 
port of his opinion. This philosopher constructed, with the 
same steel, two cylinders of the same length and the same 
diameters ; the one solid, which weighed 4321 grs. Troy, the 
other hollow, which weighed only 247 grs. Troy. ‘These 
two cylinders were tempered in the same manner, and each 
magnetised to saturation. Placed at the same distance from 
a compass needle, the solid one gave a deviation of 91°, and 
the hollow one a deviation of 19°. The difference is very 
great in favour of the hollow cylinder, although its mass was 
almost one half less than the solid one. This arises from the 
hollow cylinder being tempered without and within, and 
then being covered on both sides with this crust that pre- 
serves the magnetism : whilst the solid one possesses it only 
on its exterior surface. 

All the facts relating to magnetisation are still enveloped, 
as we perceive, in very great obscurity. One very evident 
principle, however, is derived from them all, and which we 
have already pointed out; it is the connection which they 
establish between magnetism and the molecular properties of 
bodies. As we have said, we shall see, in the sequel, when 
we are considering magnetisation by electric currents, some 
fresh proofs in favour of this principle; we may possibly 
then be able to determine, in a more precise manner, what 
the nature is of the relation in question. 

We shall say nothing here upon the experiments of certain 
philosophers, and especially those of Mr. Barlow, on the mag- 
netisation of bodies of various forms, such as rings and spheres ; 
and of the action that they exercise upon the magnetised needle, 
when they are of soft iron and not magnetised previously, or 
merely subjected to the magnetising action of the terrestrial 
globe. These effects obey laws which are remarkable for 
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their simplicity and their regularity. So also have they been 
made easily the subjects of calculation, and they have been 
employed by M. Poisson in his theoretical researches upon 
magnetism. We shall confine ourselves to pointing out a 
single fact, which, from its connection with those that have 
gone before, appears to us very important. It is, that the 
magnetic power exercised by soft iron spheres resides entirely 
upon their surface, and is completely independent of their 
mass ; so that the effect exercised by cannon-balls upon the 
magnetised needle is exactly the same, whether they are 
solid or hollow. However, this law has limits Mr. Barlow 
has recognised that the metal envelope must have at least a 
thickness of ,} in., in order to act as if the sphere were 
solid. 

The processes of magnetisation have lately been still 
further improved in a remarkable manner, so that permanent 
magnets can be obtained of extraordinary power ; but the 
processes that are employed are not known. We shall have 
occasion, further on, when occupied with the magnetism 
produced by dynamic electricity, to speak of the principle 
upon which probably they depend. 
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CHAP. IL. 


MUTUAL ACTION OF MAGNETISM AND DYNAMIC ELECTRICITY ; AND 
OF ELECTRIC CURRENTS UPON EACH OTHER. 


Mutual Action of Magnetism and Electrw Currents. 


Fo a long time philosophers were struck with the analogy 
that seemed to exist between electric and magnetic phenomena. 
Two magnetisms, as therc are two electricities ; attraction 
and repulsion exercised between the contrary magnetisms as 
between the electricities, according to similar laws; these 
are indeed points of resemblance between the two classes of 
phenomena. However, it was in vain that attempts were 
made to establish experimentally a more intimate relation 
between them. In 1805, MM. Hachette and Desormes had 
endeavoured, without success, by means of terrestrial mag- 
netism, to give direction to an insulated voltaic pile, having 
consequently its two poles equally strong, and freely suspended : 
their attempts were fruitless. 

It was not until 1820 that a Danish philosopher, M. 
Oersted, succeeded in discovering the relation, that had s0 
long been sought after, between magnetism and electricity ; 
but it was not where it had been constantly thought to exist 
that he discovered it. Electricity acts upon a magnet; and 
a magnet in its turn acts upon electricity ; but only when the 
electricity is in motion, that is to say, in the condition that 
we have termed dynamic : there is no action when the electri- 
city is in the static or tension state. 

The following is Oersted’s fundamental experiment : — 

The two poles of a pile are united by a metal wire, called 
a conjunctive wire. This wire is placed either above or below 
a magnetised needle, freely suspended, and parallel to its 
direction. The needle is immediately seen to suffer a 
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deviation, which is the more considerable as the voltaic pile 
is more powerful ; and it tends to place itself perpendicularly 
to the conjunctive wire, a position which it succeeds in 
attaining when the clectricity developed by the pile is very 
strong. The direction in which the deviation occurs depends 
upon two circumstances: the first circumstance is the position 
of the conjunctive wire in relation to the magnetised needle, — 
it may be above or below ; the second is the communication 
of each of the two extremities of the conjunctive wire with 
either pole of the pile. Thus if, the conjunctive wire being 
below the ncedle, the positive pole of the pile communicates 
with the extremity of the wire that is on the south side, and 
the negative pole with that which is on the north side, the 
north pole of the magnetised necdle deviates to the east; it 
deviates to the west, if we change the place of the poles of the 
pile. But if the conjunctive wire is above the needle instead 
of being below, the deviation occurs in the contrary direction, 
that is to say, the north pole of the needle deviates to the 
west when the positive pole is at the south extremity of the 
conjunctive wire and the negative pole at the north extremity, 
and to the east when the place of the poles of the pile is 
inverted. 

If the conjunctive wire is not placed parallel to the needle, 
but in such a manner that its direction forms with that of the 
ncedle, either above or below it, a greater or less angle, the 
action is still the same; the needle in like manner manifests 
its tendency to place itself across or perpendicular to the wire, 
a tendency which it obeys entirely, when the force of the pile 
is sufficient to surmount the resistance to deviation, arising 
from the directive force of the earth. We must only observe 
that in this case, as in the preccding one, when the needle 
places itself across, in relation to the conjunctive wire, its 
north pole is not carried indifferently to the east or the west ; 
but that the direction, according to which the deviation 
occurs, is subjected to the laws that regulate the primitive 
case, —that case in which the conjunctive wire is placed 
parallel to the direction of the magnetic needle, 

M. Ampère was not long in taking up this experiment, and 
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deducing from it many theoretical and experimental con- 
sequences of the highest interest, which, under the name of 
electro-dynamics, have formed an entirely new part of physics. 
He first observed that the action discovered by Oersted not 
only took place in the vicinity of the conjunctive wire, but 
that it was in like manner cexercised by all parts of the 
conductor by which the two poles of a pile are united, and 
by the pile itself; but only when its poles communicate 
together, and not when they are insulated. He further 
remarked that the direction in which the needle is deviated 
varies according as it is placed upon the pile or upon the 
conjunctive wire. This may easily be verified by placing a 
pile in the direction of the magnetic meridian with a magnetic 
needle above it, and as near as possible; and a conjunctive 
wire parallel to the pile, with a second necdle, also above the 
wire. The pile and the wire must be sufficiently distant 
from each other that the two magnetised needles may not 
exercise any mutual influence upon each other; it is also 
necessary that the pile contain no iron in its construction ; 
Wollaston’s copper trough pile, or once of Daniells constant 
piles, fulfil this condition well. At the moment when the 
extremities of the conjunctive wire are placed in communi- 
cation with the conductors coming from the poles of the pile, 
the two magnetised needles are immediately seen to deviate, 
but in a contrary direction to each other. It would be the 
same if the ncedles were placed upon any two parallel portions 
of the conductors, by which the poles of the pile are united. 
If they are placed below, instead of above, the same phe- 
nomenon is observed ; only the two deviations each occur in 
a contrary direction to that in which they formerly occurred ; 
and always consequently in a direction the inverse to each 
other. 

Ampère drew some important conclusions from this ex- 
periment : — 

The first is that the force, whatever it may be, that acts 
upon the magnetised needle emanates equally from all parts 
of a voltaic circuit, designating by these words the pile and 
the whole of the conductors, whatever they may be, by which 
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the poles are connected. The deviation occurs in the vicinity 
of a liquid conductor, as well as in that of a solid one; the 
only necessary condition is, that the current be transmitted 
through the conductor, that is to say, that the neutralisation 
of the two electricities may be brought about in a continuous 
manner. There results from this a very great difference 
between the kind of action that dynamic electricity exercises 
upon a magnetised needle, and the calorific, luminous, or 
chemical phenomena that it produces. The former are general, 
that is to say, independent of the nature of the conductor; 
the latter, on the contrary, depending upon the nature of the 
conductors by which the poles are united, occur only in certain 
determinate parts of the circuit, and may even not occur 
at all. 

The second conclusion is, that the force in question is 
circulating ; for how can we otherwise explain why it acts in 
contrary directions when it emanates from the two opposite 
or parallel portions of the circuit, this opposition being the 
only circumstance that establishes a difference in the con- 
ditions of the experiment. We may compare its action with 
that which a current of water would exercise, if circulating 
in an annular canal: in this case small light bodies, floating 
on the water, would be drawn onward by two parallel or 
opposite portions of the current of water. This analogy has 
led to the name of electric current being applied to the force 
that arises in the whole of the circuit, from the reunion of the 
two poles of a pile by a conductor. The electric current is 
the representative of the continued dynamic state of electricity: 
Ampère supposed by conventional terms that have been 
admitted, that this current had a direction, — that it comes from 
the positive pole to traverse the conductor and arrive at the 
negative pole, and returns through the pile to the positive 
pole, its point of departure. It is easy to see, in fact, by 
pointing out its direction by means of arrows, that, by re- 
garding it in this way, it is found to have a different direction 
in the two parallel portions of the same circuit ; for example, 
in the pile itself, and in the part of the conductor that is 
parallel to it (F3g. 81.) However, nothing proves that this 
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direction is the true direction of the current, or even that the 
movement of the electricity is brought about under the form 





Fig. 81. 


of a current ; it is, we repeat, only a conventional mode, a 
convenient manner of representing a phenomenon, and which 
enables us easily to fall back upon the fact itself, abstraction 
being made of all theoretical ideas. In fact, to say that the 
current goes from A to B in a conductor, is to say in a few 
words that the extremity A of a conductor is that by which 
the positive electricity arrives, and the extremity B that by 
which the negative electricity arrives. 

This conventional form being once admitted, we may with 
Ampère represent the action of a current upon a magnetised 
needle under a form very convenient for the memory. We 
have only to conceive a man lying down in the portion of the 
circuit under consideration, in such a manner that the current 
enters by his feet, and goes out consequently by his head : 
furthermore, we have but to conceive that this man has 
always his face turned towards the needle, s0 as to look at it ; 
then the action is always found to be such that the north pole 
of the needle is deviated to the left of this man. It is easy 
to see that this kind of formula comprehends all possible 
cases. 

The force that emanates from an electric current acts upon 
the magnetised needle as well in vacuo as in the air, and 
through all substances except those that are magnetic, such 
as iron. We may likewise prove that it diminishes in inten- 
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sity in proportion as the distance between the current and 
the needle increases. 

MM. Biot and Savart, very shortly after Oersted’s dis- 
covery, determined also the law which this diminution fol- 
lows. With this view, they took a very short magnetised 
needle ; they suspended it delicately, by means of a filament 
from the cocoon, and rendered it indifferent to terrestrial 
magnetism, by placing a magnetised bar near to it, and at 
a proper distance. This needle has thus no directive force, 
and is ready to obey all exterior action. MM. Biot and 
Savart then acted upon it by a current transmitted through 
a copper wire six or eight feet in length, stretched vertically, 
and s0 arranged that the horizontal plane passing through the 
nccdle is divided into two equal parts. The needle, as soon as 
the current acts upon it, places itself transversely or across, in 
respect to the conducting-wire, according to the law that we 
have already enunciated; when removed from this position, 
it returns to it by isochronous oscillations, of a duration 
variable with the intensity of the force. Now, the energy of 
the current remaining constant, this intensity can only de- 
pend upon the distance by which it is separated from the 
needle. The experiments made this distance vary from } in. 
to 45 in., taking the necessary precautions that, during the 
continuance of the experiment, the current should remain 
very constant ; and they found that the intensity of the electro- 
magnetic force is in inverse ratio to the simple distance of the 
magnetised needle from the current. This law'is true only so 
long as the current is rectilinear, and sufficiently long that it 
may be regarded as infinite in respect to the needle; or, 
which comes to the same thing, that the points that would be 
situated beyond cannot, on account of their distance, exercise 
any sensible action upon the needle. It is easy to de- 
monstrate, by a simple calculation, that the law we have just 
discovered, within the limits of the conditions pointed out, is 
the consequence of another more general law, which may be 
proved directly, but of which this, that is derived from it, is 
the proof, namely : that the elementary action of a simple point, 
or of a simple section, of the current upon the needle is in inverse 
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ratio to the square of the distance. We may also prove that 
this action is proportional to the sine of the angle formed by 
the direction of the current and by the line drawn through 
the section of the current that is considered to be in the 
middle of the magnet. In fact, by calculating according to 
these two principles the sum of all the elementary actions 
that are exercised upon a small needle by an indefinite elec- 
tric current, we find that the intensity of this resultant must 
be, as experiment points out, the inverse of the simple dis- 
tance. It further follows that, if the indefinite current is 
angular, that is to say, if it is composed of two directions, 
forming an angle, the summit of which is upon the horizontal 
plane passing through the needle, the intensity of this current 
is also the inverse of the simple distance ; but, moreover, it 
is proportional to the tangent of the half of the angle.” 

After having analysed, as we have seen, the nature of the 
current upon a needle, M. Ampère showed that a fixed 
magnet acts upon a movable current in the same manner as a 
fixed current acts upon the magnetised needle, In order to 
obtain a movable current, he contrived to bend a copper or 
brass wire into the form of a circle or a rectangle, bringing 
back its two extremities near to each other, without, however, 
their being in contact ; he terminated them by steel or brass 
points placed on the same vertical, and one of which, resting 
on the bottom of a metal capsule filled with mercury, sup- 
ported the whole of the movable conductor, whilst the other, 
either above or below, merely plunged into the mercury of 
a similar capsule, without touching the bottom, s0 as not to 
interfere with the mobility. The two capsules are each sup- 
ported by a solid conductor in the form of a gibbet; one of 
these conductors enveloping the other, or being very near to 
it, but without touching it. One of the poles of the battery 
is inmade to communicate with the lower extremity of one of 
the fixed conductors, and the other pole with the corre- 
sponding extremity of the other similar conductor.f The 

* For the mathematical developments, see the final note E. 

+ This communication may be established either by simple contact, or by means 
of metal pincers ; or, which is more convenient, by means of two grooves or 


cavities filled with mercury, into which the extremities of the conductors and of 
the poules of the pile are plunged. 
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current is thus established in the movable part, which, by 
means of the capsules filled with 
mercury, serves to complete the 
circuit (Fig. 82.) It is necessary 
that the fixed conductors be suff- 
ciently distant from the movable 
conductors, in order that in their 
different positions, the sides of these 
latter may not be influenced by the 
currents that are traversing the 
former. Moreover, the latter being 
very close together, and traversed 

Fig. 82. by equal currents determined in 
contrary directions, their effects upon the movable con- 
ductor are mutually neutralised. 

By placing a magnetised bar below and very near to the 
lower part of the movable current, and parallel to this 
current, we see the latter move and place itself transversely 
to the magnet, but always so as to be directed in the part 
upon which the magnet is acting, as it would be according to 
the formula we have established above, in the case of the 
fixed current and the movable magnet. In other words, it is 
necessary that the man who is supposed to be lying in the 
current, his feet turned upon the side by which the latter 
arrives, and looking at the magnet, which is here below it, 
should always have the north pole of. this magnet on his left 
hand. If, when the movable conductor has assumed this 
position, the direction of the current is changed by changing 
the place of the two poles of the pile, we immediately see the 
conductor set in motion, and describe 180°, in order to take a 
position similar to that which it occupied ; having then the 
current determined in the suitable direction The same 
movement is effected if, instead of changing the direction of 
the current, we turn the fixed magnet round, so as to place 
its north pole where its south pole had been, and reciprocally. 

M. Ampère was not long in discovering, by making use of 
a powerful current, and a movable conductor always rectan- 
gular or circular, but of a diameter of 15 or 20 inches at 
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least, that terrestrial magnetism acts upon the current as a 
magnet would act if placed below it in the direction of the 
compass needle, but having its south pole turned towards the 
north, and its north pole turned towards the south. The 
movable current places itself, in fact, under the influence of 
the terrestrial globe, transversely or perpendicularly to the 
magnetic meridian, and so as to be directed from east to 
west in its lower part, which causes the man who is lying 
in the current, with his feet to the east, and his head to the 
west, and his face turned towards the earth, to have the 
south of the earth on his left. Now, if it were a magnet that 
was acting, and not the globe, he ought to have the north 
pole of this magnet on his left, according to the law that we 
bave established: it follows, therefore, that the terrestrial 
globe acts like a magnet whose north pole would be on the 
south, and whose south pole would be on the north of the 
earth. If the direction of the current in the movable con- 
ductor were changed, this conductor would move majestically 
by describing an angle of 180°, in order to place itself so that 
its plane should be always perpendicular to that of the 
magnetic meridian ; but, at the same time, the current would 
be directed from east to west in its lower part. 

This action of the earth, although much less energetic than 
that of a powerful magnet very near to the conductor, may, 
however, complicate the results when this latter action is 
being studied. Therefore, in order to guard against this, 
Ampère contrived to bend the movable conducting wire in 
such a manner as to form two similar rectangles, perfectly 
equal, and the one below the other, or even one beside 
the other (Fig. 83.). In this latter case the two rectangles 
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are situated each on a different side of the axis of rotation, 
but on the same plane. Small pieces of wood interposed 
between the contiguous portions of the wire, and connected 
with them bÿ means of silk thread, maintain the form of the 
conductor, at the same time preventing metallic contact 
between its different parts. The wire is so arranged that the 
current traverses, in different directions, the two associated 
rectangles; it follows that the action of the earth is neu- 
tralised or null upon the movable system, which, on this 
account, is termed astatic; in fact, it tends to give to one of 
the rectangles a direction exactly the contrary of that which 
it tends to give to the other; and as the two rectangles are 
equal, and it is the same current that traverses them both, 
the two effects destroy each other. In this manner we obtain 
with the first astatic system a horizontal current, and with the 
second a vertical current, each movable and perfectly indif- 
ferent to terrestrial magnetism. We will call them, for dis- 
tinction’s sake, the former the horizontal astatic conductor, 
and the latter the vertical astatic conductor. 

The system of suspension employed by M. Ampère for the 
purpose of obtaining movable currents, presents one incon- 
venience ; it is, as the inspection of the figure makes manifest, 
that the conductor cannot turn indifferently in all directions, 
being retained in one point of its circular movement by the 
branches of the fixed conductors that sustain the capsules 
intended for establishing communication with the poles of the 
pile. Endeavours have been made to remedy this incon- 
venience in various ways; the most ingenious is that which 
was devised by Professor G. De la Rive. It consists in 
rendering the whole circuit movable, including the pile: with 
this view, we fix to a cork, that is made to float upon water 
slightly acidulated, a pile composed of merely a plate of 
copper and one of zinc, which are thrust through the piece of 
cork. The upper extremities of these two plates are con- 
nected by a wire upon which we can act with the magnet ; 
the lower extremities, and generally the greater portion of 
the two plates, are plunged in the acidulated water. As the 
pile is fecble, the wire, which we take care to envelope care- 
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fully in silk, so as to avoid all metallic communication, is made 
to present several convolutions, and s0 as to 
form a circular ring or a rectangle (Fig. 84.). 
The current traverses all the turns succes- 
g.-: sively in the same direction, whence it follows 
that, instead of acting with the magnet upon 
a single current, we act upon several similar 
ones at the same time, and consequently we 
multiply the intensity of the action to the 
same extent. The possibility of this multipli- 
cation, of which we shall see many other applications, is due 
to that fundamental property of the magnetic force which we 
have already recognised, namely, that all the parts of the 
same circuit act equally upon the magnet. These floats are 
also directed by the action of the terrestrial globe, in the same 
manner as movable conductors are when traversed by the 
current of a powerful pile ; it is merely necessary that the 
diameter of the ring or rectangle be at least three or four 
inches. 

On the principlè that the current may be more energetic 
which enables us to employ as a conductor a wire making 
only one turn, we may fix to the cork a small Daniell’s pile, 
contained in an envelope of thin glass, or the copper of which 
forms the exterior vessel ; the whole is made to float in ordi- 
nary water. We may also adjust to the cork a helix pile 
formed of a thin plate of platinum and a thin plate of amal- 
gamated zinc : in this case, the water upon which the cork 
floats must be acidulated:; it is this combination which 
appears to me to include the most favourable conditions of 
. force and lightnesss We then adapt to this apparatus, in 
order to establish communication between the poles of the 
pile, conductors of copper wire bent according as they may 
be required for the experiment; but we must give large di- 
mensions to the figures that are formed by the different 
conductors, when we do not adopt the system of the multi- 
plier (Fig. 85.). Moreover, with one form as with the others, 
we may easily make all the same experiments that are made 
with the apparatus that are constructed according to Ampère’s 
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mode of suspension, and in particular to obtain direction of a 
rectangular or circular current by means of the terrestrial 





Fig. 85. 


globe. We must only take great care, when we employ but 
a single voltaic pair, not to forget, as we have already re- 
marked in the First Part of this work, that the positive elec- 
tricity sets out from the copper or platinum plate, and the 
negative from the zinc plate; that, consequently, it is, ac- 
cording to our conventional mode of describing it, from the 
copper or platinum plate that the current is found to start in 
order to traverse the conductor, to go thence to the zinc, and 
to return through the pair to its point of departure. In order 
that we may be able to put the different conductors suc- 
cessively into the circuit of the pair, the cork disc carries two 
small cylindrical capsules of wood filled with mercury, which 
communicate, the one with the platinum, the other with the 
zinc of the pair, and into which the extremities of the con- 
ductor through which the current is to be transmitted are 
made to plunge. 

At the same time that M. Ampère took up Oersted’s dis- 
covery, in order to gencralise and to extend it, M. Arago showed 
that an electric current not only acts upon a magnetised needle, 
but that it also acts upon all magnetic bodies, even when they 
are not magnetised. Having slightly curved a copper wire of 
about ;/;th of an inch in diameter, he saw that, when this 
wire was traversed by a strong current, it acquired the 
property of attracting and retaining around it, under the form 
of a cylindrical envelope, a certain quantity of iron filings, 
and that immediately the current ceased to pass, the filings 
fell; the wire took them up again as soon as the current 


CcHAP.iL  MAGNETISM AND ELECTRIC CURRENTS. 223 


passed This experiment proves that the electric current 
impresses upon conductors, when it is transmitted by them, 
properties perfectly analogous to those of magnets, and not 
simply to those of magnetic bodies ; in other words, that it 
magnetises them, and does not simply render them susceptible 
of being magnetised. M. Arago went further, by showing 
that the discharge of a Leyden jar may magnetise a steel 
needle placed in the interior of a helix made of wire, through 
which this discharge is made to pass. Davy shortly after- 
wards discovered that we can in like manner magnetise a 
sewing needle by merely rubbing it transversely against a 
rectilinear wire, traversed by the electric current of a pile. 
We shall return to this subject in the Third Chapter, which 
is entirely devoted to it. 


Mutual Action of two electric Currents. 


From the origin of these researches M. Ampère perceived 
that an electric current not only acts upon a magnet, but that 
it also exercises an action upon another electric current. He 
found that this action consisted in that, if two portions of 
rectilinear currents parallel to each other are both movable, 
or are the one fixed and the other movable, they are mutually 
attractive when they are moving in the same direction, and re- 
pulsive when they are moving in a contrary direction. The 
attraction in this case does not cease with contact, as occurs 
when we are referring to the attraction of electric bodies in 
static electricity ; it remains so long as the current continues 
to traverse the conductors. 

In order to demonstrate this principle by experiment, we 
may employ the floating pile, or Ampère’s apparatus, adapting 
to either of them the vertical astatic conductor. We present 
to one of its vertical branches a parallel wire traversed by 
the current of a rather powerful pile We perceive that 
this wire, which may simply be held in the hand, attracts 
the branch of the rectangle, if the two currents are moving 
in the same direction, namely, both in like manner from above 
downwards, or upwards from below, and repels it if they are 
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moving in a contrary direction, the one from below upwards, 
and the other from above downwards * (Fig. 86.). 

M. Ampère was not long in generalising the law of parallel 
currents by extending it to the case of angular currents, that 
is, to the case in which the 
two conductors, each being 
traversed by a current, form 
an angle by being situated 
either in the same plane or 
in different planes; in this 
latter case, the angle formed 
by the currents is that which 
is made by the two planes 
in which they are situated, 
and it has for its height the 
right line that measures their 
shortest distance, 

The following is the law 
that Ampère discovered in 
this general case; it is that the 
two angular currents attract 
each other, when their direction is such that they both tend toward 
the summit of the angle, or that they both set out from it, and that 
they repel each other 1wvhen one goes towards the summit and the 
other sets out from it. This law comprehends four different 
cases, for the understanding of which it 18 necessary to cast the 
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Fig. 87. 
eye upon Fig. 87., in which the arrows that are outside the 
angular lines represent the direction of the currents, and those 





Fig. 86. 





+ We may hold the wire, by which the two poles of the baitery are connected, 
in the hand, in order to t it to the movable current, without the current 
ceasing to traverse it, as the metal is a conductor so superior to the human body 
that the two electricities traverse it exclusively in order to unite with each other, 
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withinside the lines the direction in which the conductors 
move in respect to each other. When the suspension of the 
movable current and the arrangement of the fixed current are 
such that the angle which they form together remains inva- 
riable, this action may give rise to a continuous movement of 
rotation. But before studying this particular form, under 
which it is sometimes presented, we must establish it in a 
more direct manner by entering upon the case in which the 
arrangement of the experiment permits the two currents to 
approach or to recede, 80 that the angle formed between them 
increases or diminishes. 

With this in view, we may employ the floating pile, attaching 
to it the horizontal astatic conductor. We present to the upper 
‘branch a rectilinear current, in like manner horizontal, s0 that 
it forms with it an angle, the summit of which is at one of the 
extremities of each of the two conductors (Fig. 88.) Imme- 





diately, whatever this angle may be, whether acute, obtuse, or 
right, we perceive, if the two currents are directed 80 as to con- 
verge to each other towards its summit, or to diverge from it, 
the movable branch, carrying with it the whole ofthe circuit of 
which it forms a part, turns round this summit in order to 
place itself parallel to the fixed conductor, and as near to it 
as possible. In this position the two currents have become 
VOL. I. e 
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parallel, and are determined in the same direction with respect 
to each other. If, on the contrary, one of the currents is at 
the outset directed towards the summit of the angle, and the 
other sets out from it, we perceive the movable branch still 
turning around this summit and avoiding the fixed conductor 
by increasing the angle which they form between them, and 
tending to place itself in the extension of this conductor by 
forming with it an angle of 180”, that is to say, the greatest 
possible angle. 

As the distance between the different parts of the two 
conductors, which are not very near to the summit of the 
angle, is necessarily very great, the currents must be very 
energetic in order that the experiment may succeed well. In 
order to increase this energy, we may cause the wire of which 
the astatic conductor is formed to make several turns, having 
taken the precaution to cover it with silk, in order to prevent 
 metallic contact. But, for experiments of this kind, it is 
preferable to make use of Ampère’s apparatus, which enables 
us to employ the current produced by a powerful pile. We 
suspend upon it the horizontal astatic conductor, and, in order 
to act upon its lower branch, we adapt to it a fixed horizontal 
conductor, which is placed beneath, but as near to this branch 
as possible. We may cause the same current to pass through 
the fixed conductor that traverses the movable conductor if 
we prefer it, which is the more convenient plan, as we need 
not employ two different piles. This observation is also ap- 
plicable to the experiment in which we demonstrate with this 
same apparatus the action of a fixed vertical conductor upon 
the vertical branch of the astatic movable conductor. But in 
order to realise every possible case by employing only a single 
current which traverses successively the whole system of 
fixed and movable conductors, we must be able to change the 
direction of the current, not only in the two conductors at 
once, which is always easy, since it is sufficient for this to 
change the place of the two poles of the pile, but also in one 
of the conductors only, without changing it in the other, 
which requires a particular contrivance. 

The following is consequently the manner in which the 
apparatus of Fig. 82. is arranged so as to serve for all experi- 
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ments that relate to the mutual attraction and repulsion of 
electric currents. Upon the table which supports the appa- 





Fig. 89. 


ratus (Fig. 89.) are placed three steel capsules filled with 
mercury, and arranged in the arc of a circle, of which the 
two extremes a and c each communicate with one of the 
gibbet-like metal supports which arc intended for placing the 
movable metal conductor in the circuit. The middle one, b, 
is placed in communication with a metal binding screw, or a 
capsule m, intended for receiving one of the extremities of the 
fixed conductor, whether it be vertical or horizontal, the other 
extremity of which goes to a second binding screw or capsule, 
n, from which a conductor is led to one of the poles of the 
pile. The other pole is fixed to a small metal cylinder, o, 
placed in the centre of the circle to which the arc belongs, 
that is formed by the first three capsules. Along this vertical 
cylinder a socket slides tightly, and from which proceeds a 
horizontal metal conductor, that at its curved extremity can 
be plunged at pleasure into either of the three capsules a, b, 
or c. From the same socket proceed two glass stems, 0e 
and 09, each of which carries at its extremity a metal arc, 
the dimensions and arrangement of which are so calculated 
that, when the horizontal stem is plunged into one of the 
extreme capsules a or c, the two other capsules are connected 
metallically by one or other of the two arcs. It is easy to 
- . Q 2 - 
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see that, by this arrangement, the current is established in 
the whole system of fixed and movable conductors, and that, 
in order to change its direction in one of the conductors (the 
movable), without changing it in the other (the fixed), we 
have merely to plunge the horizontal stem alternately in one 
or other of the two extreme capsules. In fact, supposing the 
positive pole of the pile to be in communication with the 
centre o of the circle, the current setting out thence arrives 
by the metal arc at one of the extreme capsules a or c; it 
passes thence to one of the erect supports, traverses the 
movable conductor, returns by the other support to the 
second extreme capsule, then passes by means of the metal 
arc to the middle capsule b, whence it is directed to one of 
the extremities m of the fixed conductor, which it traverses 
in order to arrive by the other extremity n of this same 
conductor to the negative pole of the pile When we wish to 
act upon the movable conductor merely by a magnet or by 
the terrestrial globe, we confine ourselves to removing the 
system of fixed conductors, and uniting by a wire the two 
binding screws or capsules m and n, which were intended for 
placing it in the circuit. It is easy to see that the movable 
conductor is then placed in the circuit, and that the direction 
of the current that traverses it may be changed by the same 
contrivance that is employed when the fixed conductor is 
also traversed by the current. We may also do without the 
apparatus (Fig. 82.), that which we have just described being 
applicable to the same purpose. Fig. 89. represents the case 
in which the fixed conductor is vertical ; and it serves for the 
demonstration of the attraction and repulsion of parallel cur- 
rents. Fig. 90, represents the case in which the fixed con- 
ductor is horizontal ; it is that which is used in the study of 
angular currents, This fixed horizontal conductor generally 
consists, not of a single wire, but of a wire covered with silk 
and making several revolutions around a frame, and the two 
extremities of which are put into communication with the 
binding screws or capsules # and n : this multiplication renders 
the action of the fixed current upon the movable current 
much more energetic. 

In order to establish the law of angular currents, we employ, 
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Fig. 90. 


as we have said, the horizontal astatic conductor ; and it is 
upon its lower branches, which can 
have only one movement of rotation 
around the axis of suspension, that 
Ù the fixed current acts. We may give 
the movable conductor such a form 
(Fig. 91.), that the movement of ro- 
Fig. 91. tation takes place around the ex- 
tremity of the horizontal branch. 
The experiment is then made in the same manner as with 
the floating circuit, and it gives the same results, which are 
merely more decided on account of the possibility of employing 
more energetic currents. Generally, however, the movement 
of rotation occurs in the middle of the horizontal branch of 
the movable astatic conductor (Fig. 90.) It is easy, in fact, 
to see that in this case the effect is double ; for the two currents 
experience, in each of the angles that they form in crossing, 
attractive and repulsive actions, which, being subjected to the 
law that we have enunciated, unite in impressing upon the 
movable branch a motion in two directions that concur. 
They are in fact repulsive in two of the angles, and at- 
tractive in the other two; and it follows that they compel 
the movable current to place itself parallel to the fixed one, 
Q 3 
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so that their direction is the same with each other. If we 
then change the relative direction of the two currents, we see 
the movable current describe an angle of 180° in order again 
to place itself parallel to the fixed current, s0 as to be deter- 
mined in the same direction with it This experiment shows 
that the action of angular currents, according to the mode of 
suspension and the position of the fixed point about which the 
movement occurs, may transform the attraction and repulsion 
into a change of the direction: but the simple and primitive 
effect is truly attractive and repulsive ; the change of direc- 
tion is only a result of this, which is easy of comprehension, 
when we regard the mode of suspension. 

We have said that the law of angular currents is the same, 
whatever be the size of the angle: it is easy to prove this by 
experiment. Regarded in this manner, the law of parallel 
currents is only a particular case of the general law, that in 
which the angle is zero. Another particular case, no less 
interesting, is that in which the angle is 180°, that is to say, 
in which one of the currents is merely the prolongation of the 
other. M. Ampère succeeded in giving a direct verification 
of the law in this case. With this view he divided, by means 
of a glass partition, an earthen dish into two equal compart- 
ments, which he filled with mercury; then, taking a wire 
covered with silk, the two extremities of which he exposed, 
he bent it in the form of an arc, taking care that the two 
ends of the perpendicular wire at the part where the arc is 
formed were parallel to each 


other. Thus arranged, he 
made it float upon the mer- 
cury (Fig. 92.), 80 that the two 


parallel and horizontal branches 
Fig. 92. . 
were one on one side, and the 
other on the other side of the glass partition, both parallel to 
this partition, and that the exposed extremities were well in 
contact with the mercury. Then, by plunging the two poles 
of the pile, one into the left and the other into the right com- 
partment, he compelled the current to traverse the wire. 
Immediately the circuit is formed, the float slides along the 
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mercury, rapidly receding backward,—an effect due to there 
being, in each of the branches separately, a repulsion between 
the current that traverses it and the current that is trans- 
mitted into the mercury before penetrating into the wire or 
after going out from it. The current of the mercury and 
that of the wire are only the prolongation of each other, or, 
which comes to the same thing, those two currents forming an 
angle of 180°, one of which goes to the summit of the angle 
and the other sets out from it, there must be a repulsion 
between them, and this for each of the two branches separately. 
This important consequence of the general law may be also 
expressed by saying that all the portions of the same current 
repel each other. 

The following is an experiment of Davy’s, which demon- 
strates the same law under another form. It consists in 
introducing through two small holes, pierced in a disc or 
capsule at a distance of an inch or 80 apart, two very short 
pieces of platinum wire: the capsule is filled with mercury, 
so that the ends only of each of the two pieces of wire are 
covered with a very thin stratum. Then these two wires are 
made to communicate from below with the poles of the battery; 
the current is thus transmitted through the mercury from 
one wire to the other. The mercury is immediately seen to 
rise above each of the ends of the wire in the form of little 
cones, which, falling back by the effect of gravity, and rising 
again by the effect of the current, determine in the mercury a 
series of undulations. The repulsion that occurs between the 
portions of the same current is here exercised upon the 
mercury, the wire being fixed; whereas, in Ampère’s ex- 
periment, it was the movable wire that was set in motion. 

By referring the experiment of the electrical mill, that 
we described in the Fifth Chapter of the Second Part of this 
work, to the same principle, we may give to it a much better 
explanation than that which is generally admitted. In fact, 
in the electrical mill, the electricity that comes out from the 
points forms a current, which is propagated in the medium 
into which it penetrates, particularly into the air. Now 
the continuous rotatory movement that the mill under- 

Q 4 
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goes in the opposite direction to the points, is merely the 
result of the continuous repulsion that occurs between the 
current that traverses the movable metal branch, and that 
which escapes out of it to penetrate into the air. 


Ampère’s Theory on the Constitution of Magnets; and the 
Law of Electro-dynamics. 


After having studied the mutual action of electric currents 
upon each other, and having determined their laws, Ampère 
endeavoured to connect the action of currents and of magnets 
by means of a very ingenious hypothesis on the nature of 
magnetism. By carefully analysing the action of the different 
parts of a magnet upon a movable current, and that of a 
current upon the different parts of a movable magnet, he saw 
that these actions were exactly the same as those which 
might have occurred had the section of the acting magnet, or 
the magnet submitted to action, been replaced by an electric 
current circulating around this section and consequently 
closed, and situated in a plane perpendicular to the axis of 
the magnet. By observing that in some cases there was 
attraction and in others there was repulsion between the 
section of a magnet and an electric current, the direction of 
which he knew, he further succeeded in determining what 
the direction ought to be of these hypothetical currents ; and 
for this he rested simply upon the law that there is attraction 
when the currents move in the same direction, and repulsion 
when they move in opposite directions. The following is the 
mode by which we succeed in attaining to this determination. 
We take a prismatic magnetiscd bar, using the precaution to 
hold it horizontally, so as to have the north pole on the left 
hand ; we present it to the vertical branch of the movable 
astatic conductor, placed alone in the circuit; we find that, if 
this branch is traversed by the current proceeding upwards 
from below, it is repelled by all the parts of each of the faces 
of the bar, and this from one extremity to the other ; that, 
on the contrary, it is attracted if its current is directed from 
above downwards. When thus passing each of the faces of 
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the bar from one end to the other before the vertical current, 
we must take care always to hold the magnet horizontally, and 
the north pole to the left. Now if, by means of a Little soft 
wax, we apply on each of the faces of the magnet small 
arrows of card, with the point turned in the direction according 
to which a current ought to travel in order to produce upon 
the movable conductor the attraction or repulsion that is 
determined in it by the action of a magnet (Fig. 93.), we find 
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Fig. 93. 


that these small arrows represent a current circulating around 
each of the sections of the magnet, everywhere in the same 
direction, namely, from top to bottom in the face that is 
turned toward the movable condactors, and from bottom to 
top in that which is opposite to it, and moving from the 
conductor in its lower surface, and approaching it in its 
upper. The sum of these directions perfectly constitutes a 
current, circulating around each section of the magnet, as in 
a closed circuit When, without changing the position of the 
arrows, we turn over the magnet, placing the north pole to the 
right, it is easy to comprehend that, as their direction is then 
inverted by the mere fact of this turning, it follows that the 
current which they represent goes from the bottom to the top 
in the face that is presented to the movable current. Thus, 
between the different parts of the magnet that are successively 
presented to the current, and the current itself, there is 
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repulsion when the current is directed from above downwards, 
and attraction when it is directed from below upwards; 
actions precisely contrary to those that occurred in the pre- 
ceding case, namely, before the magnet had been turned over. 

We obtain a perfectly similar result by presenting a 
horizontal current to the different sections of a magnet, 
suspended vertically to a wire 
by one of its extremities (Fig. 
94.), where we indicate, by 
small arrows fixed upon the 
different faces of the magnet, 
and at different heights, the 
direction that the currents 
ought to have which are 
supposed to circulate around 
its surface, in order to ac- 
count for the attractive and 
repulsive effects that are ob- 
served. 

À magnet may therefore 
be considered as formed by 
an association of electric 
currents, all circulating in 
the same direction around 

Fig. 94. its surface, and all situated 
in planes parallel to each other and perpendicular to the axis 
of the magnet, With regard to the direction of these currents, 
we have seen, by analysing the mutual action of a magnet 
and a current whose direction is known, that it is such 
that, if we hold the magnet horizontally before us, the north 
pole being to our left hand, the current goes from top to 
bottom in the exterior face most distant from the observer, 
and from bottom to top consequently in the face that is 
nearest or withinside. In order to fix this direction well in 
the memory, it is more convenient to suppose the magnet in 
its natural position, that is to say, in that position which is 
imparted to it, when it is movable, by the directive force of 
the earth, its north pole consequently turned towards the 
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north ; we then find that the direction of the arrows, which 
we will still leave in their place, is such as to indicate that 
the current is directed from the east to the west in the lower 
face of the magnet, and consequently from west to east in its 
upper face ; that it is ascending in the face situated on the 
west, and descending in that which is on the east. 

We may further add, that it is evident that the form of the 
circuit in which each of these parallel currents circulates, 
whose association forms the magnet, depends on the exterior 
form of the magnet itself: that it is circular when the magnet 
is cylindrical ; rectangular when ïts figure is that of a 
parallelopipedon ; and that it is a series of rectangles, diminish- 
ing in size from the middle towards each of the extremities, 
when the form of the magnet is a lozenge. 

It is easy to see that Ampère’s hypothesis of the constitution 
of magnets, as we have just expressed it, explains in the 
most satisfactory manner Oersted’s fundamental experiment ; 
as also all those that relate to the deviation of a magnet or a 
current, produced by the mutual action they exercise upon 
each other. All these effects may be traced to those that 
result from the mutual action of two currents upon each 
other —an action, by virtue of which they tend to place them- 
selves parallel to each other, s0 as to be moving in the same 
direction. In order that this parallelism may occur with 
currents that circulate around the magnet, it is evidently 
necessary that the latter should find itself placed transversely 
to the current that acts upon it, or upon which it acts. Now, 
it is actually to this that the directive action tends, which is 
manifested in the experiments in which the movable current 
or magnet, instead of being able to obey attraction or re- 
pulsion, can only turn around a central point. 

In order to confirm the hypothesis to which he had been 
led of the nature of magnetism, Ampère endeavoured to 
arrange electric currents in the same manner as he had con- 
ceived they were naturally arranged in a magnet; and he thus 
succeeded in obtaining assemblages of currents which possess 
all the properties of true magnets. With this view he took a 
copper wire, and twisting it into a helix, taking care that the 
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successive spirals did not touch each other, he brought back 
the two ends interiorly along the axis of the helix to its middle, 
and then, making the two extremities come out, without being 
in contact either with each other or with any part of the helix, 
he bent them so as to be able to suspend the whole as a 
movable conductor to an apparatus similar to that of Fig. 82. 
Then, having made the current pass through the wire of the 
movable conductor, he found that he had a true magnet, the 
axis of which and the two poles were the axis and the extre- 
mities of the helix (Fig. 95.). An ordinary magnetised bar ex- 
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Fig. 95. Fig. 95. a. 


ercised upon its extremities the same attractive and repulsive 
actions that it would have excrcised upon those of a compass 
needle, In order to obtain more marked effects, it would be 
better to use, in the construction of the helix, a wire covered 
with silk; we may then bring the spirals of the helix close 
even to Contact, without any fear of the current’s passing di- 
rectly from one to the other, instead of pursuing its course ; 
for there is no metallic communication. In order to give 
greater firmness to the wire, the helix is wound around a 
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glass tube or a simple cylinder of wood, which is left a little 
longer than the helix itself, when we wish to hold it in the 
hand and present it, as was done with the magnet, either to 
a compass needle or to another movable helix (Fig. 95. a.) In 
the latter case we obtain with the two helices, each traversed 
by currents, all the same effects as are produced by the mutual 
action of two magnets We may easily procure a current 
movable in a helix for imitating a 
magnetised needle, either by ad- 
justing the conductor of the little 
floating pile into the form of a helix 
(Fig. 96.), or by terminating the 
two extremities of a helix formed of 
a silk-covered wire by a plate of 
zinc and one of copper, each thrust into a cork floating upon 
acidulated water. 

We are indebted to M. G. de la Rive for an experiment, 
which evidences in a remarkable manner Ampère’s hypothesis 
of the constitution of magnets. It consists in presenting to 
the floating electrical ring that we have described (Fig. 84.), a 
magnetised bar held by one of its extremities, whilst the other 
is placed in the centre of the ring. When the hypothetical 
current of the magnet and the real currents of the ring are 
moving in the same direction, we perceive the ring advance 
parallel to itself, until it has arrived at the middle of the 
magnet, and when once there it remains there. But if we 
withdraw tbe magnet and turn it round, that is to say, if we 
replace it exactly in the same position, but taking the pre- 
caution of merely changing the position of the poles, we 
immediately perceive the ring recede parallel to itself, — an 
effect that is due to its currents and those of the magnet 
being directed in a contrary way. What is curious in this is, 
that, when once arrived beyond the extremity of the bar, the 
ring, instead of continuing to be repelled, turns upon itself, 
describing an angle of 180°, presents itself to the magnet 
with its currents then moving in the same direction with its 
own, and returns by a rapid movement to the middle of the 
bar, where it again remains in equilibrio. We also obtain all 
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these same effects by substituting an electrical helix for the 
magnetised bar. They may easily be explained by the at- 
traction and repulsion that are exercised, according as they 
are in a direction which is relatively similar or different, by 
the currents of the magnet or the helix upon the currents of 
the movable ring. With regard to the turning round that is 
executed by the ring when it goes off from the magnet after 
having been repelled, it is due to its plane never being 
perfectly perpendicular to the axis of the bar : the repulsive 
actions upon the different sides are not equal, and are trans- 
formed into a change of direction, which is necessarily fol- 
lowed by an attraction, as soon as the currents of the magnet 
and those of the ring are moving in the same direction. It is 
also easy to understand why the ring stops at the middle of 
the magnet; it is that evidently, in Ampère’s theory, the 
middle of the magnet is, like the middle of the helix, the point 
of application of the resultant of all the parallel currents per- 
pendicular to the axis, and moving in the same direction from 
one extremity to the other; it is therefore the point where 
the action exercised upon an exterior current must be at its 
maximum. 

We may here inquire, why it is not the same when a 
magnet, instead of acting upon one or several currents 
forming a ring, acts upon iron or upon another magnet : we 
know, in fact, that in that case the action, on the contrary, is 
at its minimum at the middle of the magnet, and at its 
maximum at the poles, namely, at the points situated quite 
near to its extremities. Further: if we move a vertical 
electric current along and very near to one of the small 
vertical faces of a compass needle, we find that when this 
current is exactly opposite to one or other pole, it exercises 
no action; and that, if its action is of a certain nature, 
repulsive for example, upon all the points of the face of the 
magnet comprised between the two poles, it is of a contrary 
nature (attractive in this case) upon all the points of this same 
face that are situated beyond the poles, which, as we know, 
are never at the extremities themselves. The same effect is 
presented in a contrary direction upon the opposite face. 
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Thus, if the vertical current is directed upwards from below, 
it attracts all those points of the west face of the needle that 
are situated between the two poles, and repels those that are 
situated beyond ; on the contrary, it repels all the points of 
the east face situated between the poles, and attracts all those 
that are situated beyond. À convenient and elegant manner 
of making this kind of action manifest consists in presenting 
to M. G. de la Rive’s floating ring, and parallel to its plane, 
one of the lateral faces of a magnetised bar, taking the 
precaution that the centre of the ring be nearer to one of the 
extremities than to the middle of the bar. We then see the 
ring slide along the face of the magnet, resting against it on 
its two vertical sides ; and as soon as one of them has passed 
the end of the bar the ring itself turns, describing an angle 
of 90°, and returns as before to the middle of the magnet. 
Thus, although in one of the vertical sides of the ring the 
currents are moving in a direction contrary to that which 
they have in the other, yet they are both attracted by points 
of the same face of the magnet, situated, it is true, on different 
sides of the pole. 

The effects that we have just been describing, which were 
discovered and described by Faraday and by G. de la Rive, at 
first appeared very contrary to Ampère’s theory of the nature 
of magnets; in fact, according to this theory, the electrical 
currents, the association of which forms a magnet, ought all 
to have had the same direction upon the same face of a 
magnetised bar, and, consequently, could not have exercised 
contrary actions, according as they were situated between the 
two poles, or beyond them. Finally, how are we to explain 
the nullity of action at the two poles themselves ? 

The objections that we have been pointing out did not 
arrest Ampère; he succeeded in overcoming them all, and 
established his theory upon such a solid basis that it is at 
the present time generally admitted. He set out from the 
principle that the electric currents to which, according to his 
view, magnets owe their properties, are molecular, that is, 
that they circulate around each particle. These electric 
currents pre-exist in all magnetic bodies, even although they 
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have not been magnetised, only they are arranged in an 
irregular manner so that they neutralise each other. Mag- 
netisation is the operation by which a common direction is 
impressed upon them ; whence it follows that the series of the 
exterior portions of the molecular currents which are all 
moving in the same direction, constitutes a finished current 
around the magnet, whilst the interior portions are neutralised 
by the exterior ones, moving in the contrary direction, of the 
following molecular stratum. In order to follow out these 
effects well, we must decompose the magnet into concentric 
and similar strata: Fig. 97. represents the section of a cylin- 





Fig. 97. 


drical magnet, and the magnet itself. The direction impressed 
upon the currents by magnetisation is maintained in bodies 
that are endowed with coercitive force, and ceases in others, 
such as soft iron, as soon as the force that determined it 
ceases; because then all the molecular currents, being free 
to obey their mutual action, take the relative position that 
produces equilibrium, or the neutralisation of every exterior 
cffect. 

In order to submit this hypothesis to calculation, and thus to 
deduce from it all the effects of the mutual action of magnets 
upon currents, and currents upon each other, it would be 
necessary to commence by calculating the mutual action of 
two molecular currents alone, or, which amounts to the 
same thing, of two infinitely small portions of current. Now, 
this calculation required for starting points, besides the 
general law of attraction and repulsion according to the 
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direction of the currents, and which we have already esta- 
blished, certain principles furnished by experiment ; and expe- 
riment cannot be made upon infinitely small portions of cur- 
rents. But, by means of a calculation which is as rigorous as 
it is ingenious, M. Ampère has becn able to deduce the prin- 
ciples that are necessary to be established in respect to in- 
finitely small currents, from the cases of equilibrium that are 
furnished by the mutual action of finite currents. These cases 
of equilibrium, to the number of four, enable us to deter- 
mine the laws which the mutual action of infinitely small 
electric currents must necessarily obey, in order that they may 
be realised. And when these laws are once obtained, the cal- 
culation, on being applied to the consideration of infinitely 
small currents, leads to. consequences perfectly conformable 
with experiment, in regard to the effects that must be pro- 
duced by the assemblage of these currents, such as occurs in 
magnets and electric helices. 

Let us now look into the four cases of equilibrium, furnished 
by experiment, which have served as the basis to the calcu- 
lations upon infinitely small currents. 


First Case of Equilibrium. 


Two equal and contrary finite currents exercise upon a 
third, situated at the same distance from the two former, no 
action, the attractive action of the one being equal to the 
repulsive action of the other. In order to demonstrate this 
principle, we must employ a wire covered with silk, which is 
bent in the middle upon itself, so that its two halves, which 
are parallel to each other, may be in contact throughout 
their whole extent: the two extremities, which are situated 
one beside the other, are placed in communication one with 
the positive, the other with the negative pole of the pile, 80 
that the two halves are traversed by the same current in 
opposite directions. To the vertical or horizontal astatic 
current of the float we present this double current, composed 
of two equal and contrary currents situated at the same 
distance from the movable current, and the action is alto- 
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gether null We may also adjust this double current to the 
apparatus of Fig. 89., giving it the form of Fig. 98. 


fi 








Fig. 98. 


Second Case of Equilibrium. 


The action exercised by a rectilinear conductor upon a 
movable current is exactly equal to that which is exercised 
upon the same current by a conductor bent and turned in 
any manner, but comprised within the same limits, provided 
that the currents which traverse the two finite conductors are 
the same, or have the same intensity. 

The accuracy of this principle is verified by means of the 
apparatus of Fig. 89., to which the astatic vertical conductor 
is suspended. For the fixed conductor we place a system of 
two wires, one of which is rectilinear and the other twisted 
into the form of a flame, a zigzag, or in any other manner 
(Fig. 99.). They are s0 arranged that the vertical branch of 
the movable astatic conductor is situated between them, and 
the current that traverses it successively has the same direction 
in each of them; but at the same time that this direction, 
which is common to them, is contrary to that of the current 
in the movable branch. We then see that the latter is equally 
repclled by the two fixed conductors, and is maintained be- 
tween them exactly in the middle. It is important that the 
sinuosities of the twisted conductor, designated by Ampère 
under the name of sinuous, should not be too great comps- 
ratively to the distance of the conductors from the movable 
current. They may, however, providing that this distance 
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be sufficiently great, be situated, one of them in a plane 
different from that of the other, This case of equilibrium served 











Fig. 99. 


M. Ampère for showing that we may apply to currents the 
law of the decomposition and recomposition of ordinary forces, 
or the law of the parallelogram of forces ; which could not be 
inferred à priori, in consequence of the very special nature 
of the forces which emanate from electric currents, and 
which are not similar to the ordinary forces of mechanics. 


Third Case of Equilibrium. 


A closed cireuit of any form whatever cannot set in motion 
any portion of a current forming an arc of a circle of which 
the centre is on 2 fixed axis, around which it may freely turn, 
— an axis that is perpendicular to the plane of the circle to 
which the axis belongs. In this delicate experiment, it is 
necessary that the arc of the circle may move alone, and 
without the conductors by which it is placed in the circuit. 
For this purpose we employ two canals filled with a quantity 
of mercury, 80 that the level of the liquid rises by capillarity 
above the sides of the canals. The conductor, in the form of 
an arc of a circle, fixed by its middle to the extremity of a 
horizontal stem coming as it were from the axis, situated 
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at the centre of the circle of which the arc forms a part, rests 
delicately by two of its points upon the surface of the mercury 
of each canal, s0 as to be simply in contact with it (Fig. 100. ). 





Fig. 100. 


The positive pole of the pile communicates with the mercury 
of one of the canals, and the negative with the mercury of the 
other, so that this conductor of an arc of a circle serves to 
close the circuit, and is itself the only movable part. A wire 
is presented to it at a certain distance, which is bent into the 
form of a circle, an ellipsis, or a rectangle ; in a word, forming 
a polygon or a closed curve, and moreover traversed by a 
current. In whatever manner this fixed conductor is placed 
in relation to the movable one, no action is manifested. 


Fourth Case of Equilibrium. 


We take three circular conductors, situated in the same 
plane, an horizontal plane for example, each movable around an 
axis, situated beyond their circumference, and to which each 
of them is connected by a horizontal branch, soldered to one 
point of this circumference. If these three circular con- 
ductors are situated 80 that their centres are on the same right 
line; if, moreover, the distances of these centres are respec- 
tively proportional to the radii of the circles; that is to say, 
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if the relation of the radius of the first circle to the radius of 
the second, and that of the radius of the second to the radius 
of the third, are to each other as the distance of the first 
centre from the second, and as the distance of the second 
centre from the third, the intermediate movable conductor 
will be in equilibrium between the two extreme fixed con- 
ductors, when they are all three traversed by an electric 
current, moving in the same direction in all, and having the 
same intensity in each. The mere inspection of the figure 
(Fig. 101.) is sufficient to explain the manner in which the 





Fig. 101. 


three circular conductors are traversed successively by the 
same current, the middle conductor being movable between 
the two extreme ones, which are fixed. 


By means of these four cases of equilibrium, Ampère suc- 
ceeded not only in determining the form of the mathematical 
expression of the force that two elements of voltaic currents 
exercise upon each other, but in finding the value of the 
constant quantities that enter into this expression, and par- 
ticularly in deducing from it that the force itself is in inverse 
ratio to the square of the distance between the two elements. 
We may remember that the experiment of Biot and Savart 
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had led to the same law for an element of a current upon an 
element of a magnet, and which establishes a further analogy 
between an element of a magnet and an element of an electric 
current.* 

Once having arrived at the mathematical expression of 
the action of two elements of a current, Ampère deduced 
from it the action of the assemblage of several elementary 
currents, either upon a similar assemblage, or upon a finite 
or indefinite current. The results of the calculation were 
constantly found to agree with those that had been furnished 
by experiment. But the most important case is that which 
includes the mutual action of two solenoïds. Ampère 
designated by this name a system of very small closed 
currents, having their centres equally distributed on a right 
line or a curve, which he named direction of the solenoïd. 
Magnetisation, by impressing fixed directions upon the electric 
currents by which the molecules of bodies are enveloped, 
produces solenoïds ; in such sort that a solenoïd is the mag- 
netic skeleton of magnetised substances, the magnets being an 
assemblage of closed currents. 

Ampère had demonstrated that the action of a solenoïd 
depends only on the position of its extremities, and in no 
degree upon the form of its axis; but he did not succeed 
in deducing from the calculation applied to the currents of 
solenoïds all the same consequences as he had deduced from 
this same application made to the molecular currents, which, 
accordmg to him, constitute magnets, — results that are per- 
fectly in accordance with the properties of magnets. M. Savary 
has filled up this blank: he set out from the principle that, if 
Ampère’s formula is true when it is applied to molecular 
currents, it ought to be equally so when it is applied to the 
circular currents of solenoïds, and that calculation ought 
also to give results identical with those of experiment. This 
experienced philosopher discovered that this, in fact, was the 
case ; and he further showed that solenoïds, or electro- 
dynamic cylinders of a very small diameter, act, at distances 


* Sce the final note F, for the calculation relating to the mutual action of 
clectric currents. 
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very great in respect to this diameter, like magnets, whose 
poles would be situated at the very extremities of these 
cylinders. This result therefore established a complete iden- 
tity between a solenoïd and a magnetic filament; for the 
latter being composed of molecular currents, it is clear that, 
whatever be the distance at which it acts, the diameter of 
these currents is always infinitely small in relation to this 
distance We will not follow M. Savary into the other 
consequences which he has deduced from his calculations ; we 
shall confine ourselves to saying that they all agree with tho 
results that had been already furnished by the experimental 
study of magnetism in the hands of Coulomb and other 
philosophers who have been engaged on this subject; 80 that, 
under the conditions laid down, a solenoïd represents a true 
magnet. Thus, in particular, they established by calculation, 
founded upon the laws of electro-dynamics alone, that the 
poles of two solenoïds repel each other if they are of the same 
name, namely, if the currents move in them in the same 
direction, and attract each other, if they are of contrary names. 
T'hey also succeeded in establishing, that a solenoïd has no 
action when its direction is a closed curve; a result that 
agrees with what is furnished by a magnetised steel plate, 
which, when it is rolled into the form of a closed ring, ceases 
to present any traces of magnetism. 

Ampère’s theory, therefore, when regarded simply under 
the relation of the properties of magnets and of their mutual 
action, is found as satisfactory as that of Coulomb; but it has 
further this great superiority over the latter, that it accounts, 
upon the same principle, for all the phenomena of electro- 
dynamics, that is to say, the mutual action of magnets and 
currents, and the mutual action of magnets upon each 
other. It is true it also rests upon an hypothesis, that of 
the existence of electric currents around the particles of 
magnetic bodies : but this hypothesis is quite as admissible 
as that of the existence of two magnetisms in each particle ; 
we shall even see further on that recent facts seem to give it 
a further degree of probability, although there are others 
which we shall also point out, that are less easily reconciled 
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with it. It accords perfectly well with all the theoretical 
mathematical labours that have been gone through by M. 
Poisson, and by other philosophers, resting upon that of 
Coulomb; and cannot, therefore, but be advantageously sub- 
stituted for it. With regard to the anomalies that we have 
pointed out, and which consist in the opposite actions that 
are exercised upon a current by the parts of a magnet situ- 
ated on the different sides of the poles, and the nullity of 
action observed at the poles themselves, Ampère has shown 
that they are merely due to a magnet’s not being able to be 
completely assimilated to a solenoïd, which represents only a 
simple magnetic filament ; and that in a magnet, properly 80 
called, the molecular currents exercise upon each other a 
reaction that modifies their relative arrangement, and takes 
from the extremities the regularity that exists in the central 
part. He showed, in particular, that the nullity of action 
at the poles proceeds from the poles being the points where 
the actions of the contrary currents are equal; and he has 
thus connected their position with the arrangement of currents, 
that depends itself on the general form of the magnet. 

It would be easy for us, by returning to the study of the 
magnetic phenomena whicn are contained in our First Chap- 
ter, to show directly that Ampère’s theory satisfies all cases. 
We will quote only one example. It is borrowed from the 
experiment in which, by breaking a magnetised needle 
through the middle, we thus create two new and contrary 
poles at the extremities that have just been disjoined. If we 
separate a solenoïd into two fragments by cutting it perpen- 
dicularly to its axis, we evidently obtain upon the two sepa- 
rated faces two currents, which, although moving in the same 
direction when they are one after the other, are moving in a 
contrary direction in regard to each other for the observer 
who looks at them both in front (Fig. 102.), or are in respect 
to him the two currents by which a solenoïd is terminated at 
each of its extremities. These currents, therefore, will deter- 
mine upon the two new faces of the solenoïd opposite and 
contrary poles to those which are already found at the oppo- 
site extremity of the same fragment. Thus we see that this 
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experiment, when made upon a solenoïd, by giving the same 
result as when made upon a magnet, is explained perfectly 
well in the theory which admits that magnets are an assem- 
blage of electric currents, distributed as we have pointed out. 





Fig. 102. 


Ph'nomena of continuous Rotation, arising from the mutual 
Action of Magnets and Currents, and of Currents upon each 
other. 


By attentively observing the contrary action that is 
exercised upon a movable vertical current, either by the 
corresponding parts of a magnet taken on its two opposite 
faces, or by the points which, though situated on the same 
face, are on the different side of either pole, Mr. Faraday 
concluded that, if the current could turn freely around the 

pole, it would execute a continuous 


ST d *%  rotatory movement (Fig. 103.); 
T& $ 6 ë N 4 and this he succeeded in realising. 
ns F1 In order to obtain this in a decided 
manner, a cylindrical magnet must 


be placed in the centre of a capsule filled with mercury, 
taking care that the surface of this liquid is a little below the 
pole of the magnet; we then lead from a movable axis fixed 
vertically by means of two points between the summit of the 
magnet, and a piece of steel fixed to a metal support, a thin 
brass wire bent square, and the vertical position of which is 
terminated by a fine point, plunging slightly into the mercury, 
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so as scarcely to graze its surface (Fig. 104.) A voltaic 
current is transmitted through this movable conductor by 





Fig 104. 


means of the mercury on the one hand and the metal support 
on the other. The wire is immediately seen to be set in 
motion, and it turns rapidly around the magnet. The di- 
rection of the rotation depends at once on the direction of the 
current, and the nature of the pole of the magnet around 
which this rotation occurs. If the pole and the direction of 
the current are both changed at the same time, the direction 
of the rotation remains the same: in order that it may vary, 
we must change only one or the other of these circumstances 
at the same time. 

Mr. Faraday also succeeded in determining a continuous 
rotatory movement in a magnet under the in- 
fluence of a current, by plunging vertically into 
a vessel filled with mercury, by means of a bal- 
last weight of platinum, a small magnetised bar, 
the summit alone of which appears above the 
liquid (Fig. 105.). A metal rod, communicating 
with one of the poles of the pile, descends ver- 
tically to the centre of the surface of the mer- 
cury, which is itself placed in communication with 
the other pole by means of a point of its circumference. Im- 





Fig. 105. 
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mediately the current was established, the magnet commenced 
turning around a right line formed by the prolongation of the 
vertical rod beneath the surface of the mercury. We must 
here observe that the magnet describes not a cylinder but a 
cone, provided its lower extremity is placed upon the axis of 
rotation, and remains there while its upper extremity describes 
a circle around the point where the vertical conductor touches 
the surface of the mercury. The direction of the motion in 
this case, as in the preceding, depends upon the direction of 
the current, and upon which of the two magnetic poles is on 
the top of the magnet. 

In this experiment, as in the preceding one, the rotation 
goes on accelerating up to a certain point, at which its 
velocity becomes uniform, which is due to the resistance 
opposed by the mercury to the effect of the evidently ac- 
celerating force that produces the motion. 

Faraday’s experiments, at the time they were made, ap- 
peared irreconcileable with Ampère’s ideas; but this philo- 
sopher had not at that period made known his law of angular 
currents, by means of which he soon succeeded in easily 
explaining the phenomena observed by Faraday, and adding 
to them certain others that are no less curious. Then, in 
order to add an experimental proof to the theoretic demon- 
stration that he had given, that all these facts were not 
contrary to his hypothesis of the nature of magnets, he 
repeated them all, by supplying the place of the magnets by 
electro-dynamic helices or cylinders, or assemblages of parallel 
circular electric currents. 

In order thoroughly to comprehend how an attraction or 
repulsion between currents can give rise to a rotatory action, 
we must set out from the distinction that Ampère established 
between closed and open currents. A closed current is that 
which, setting out from a point, returns to the same point, after 
having described a figure of any form (no matter what the form 
may be). It is not necessary, in order that the current be closed, 
that the whole circuit, including that of the pile, should form 
part of it, as occurs in floats. It is equally closed in movable 
conductors, one of the extremities of which sets out from a 
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point, whilst the other returns to a very neighbouring point, 
situated in respect to the former in such a manner that motion 
can occur around a line passing 
through these two points, and 
which serves as the axis of ro- 
tation (Fig. 106.) It is also 
closed in a helix, one of the 
ends of which communicates 
with one of the poles of the 
| pile, and the other end with 

the other pole. Finally, the currents, which in Ampère’s 
theory compose a magnet, are all necessarily closed currents. 

An open current is a current that traverses a movable 
conductor, one of the extremities of which does not return 
either to the point where the other is situated, or to a point 
situated on the same axis. Thus, in Faraday’s experiments 
that we have described, the movable current which, setting 
out from the axis of rotation, terminates at a point of the 
surface of the mercury at a greater or less distance from this 
axis, is an open current; whilst it would be closed if the 
movable conductor setting out from this axis should return 
to it, whatever in other respects might be the form and length 
of its contour. The circuit of an open current must neces- 
sarily include a liquid: this liquid conductor is generally 
mercury, sometimes acidulated water. It is true that we 
may suppose that the movable conductor may simply glide by 
its point over the surface of a metal plate, whence would 
result a sufficient communication for the current to be trans- 
mitted : but in practice the friction would be much too 
considerable for the movement to occur freely; and if we 
employed currents sufficiently powerful to surmount this 
resistance, the metal point, in its point of contact with the 
plate, would risk being greatly altered, by the combined 
effect of friction and of the high temperature that is deter- 
mined by the passage of the electricity. 

In order that the action of a magnet or of a closed current 
may determine a continuous rotatory movement upon a 
movable current, it is necessary that the latter be open ; if it 
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is closed, it can only experience an attraction or a repulsion, 
and consequently a change of direction. The result to which 
Ampère was led by calculation was completely confirmed by 
experiment; and it was easy to demonstrate that all the facts, 
which seemed to him contrary, arose from there being open 
currents in the experiments by which these facts were esta- 
blished. If there are none, there is no continuous rotation. 
Thus two magnets, which are each an assembage of closed 
currents, cannot produce by their mutual action any con- 
tinuous rotatory movement; and if, in Faraday’s second 
experiment, we see a magnet rotate under the action of a 
current that seems closed, we must not forget that there is 
mercury in the circuit, and that there hence results an open 
current. 

Let us therefore now see how Ampère’s theory, or rather 
the laws that he has established, perfectly account for the 
production of a continuous rotatory movement by the mutual 
action of a closed and an open current. 

Let us first examine the action of an indefinite rectilinear 
current upon a current also rectilinear, but being able to 
travel only parallel to itself. It is evident, from the law of 
angular currents, that whatever be the angle made by the 
movable current with the fixed one, as well when it is in the 
same plane as when it is in a different plane, the combined 
action of the two portions of the fixed current, situated on 
the two opposite sides of the summit of the angle, the one 
attractive and the other repulsive, causes it constantly to 
move parallel to itself. The direction in which it moves 
depends upon its direction relatively to that of the fixed 
current ; it always advances in the angle, the sides of which 
are formed by the currents that are both directed towards the 
surmmit of the angle, or that both diverge from it; whilst it 
recedes from the angle, one of the sides of which is formed by 
the current that converges toward the summit, and the others 
by that which diverges from it. This is a consequence of the 
attraction that occurs in the former case, and of the repulsion 
that occurs in the latter. This result may be verified by 
direct experiment, by suspending, as represented in the figure 
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(Fig. 107.), a horizontal wire, supported by two glass rods, 
placed vertical to its two extremities, 80 that it can only move 





Fig. 107. 


parallel to itself, either backward or forward. It is put in 
the voltaic circuit by means of two longitudinal glass cells 
filled with mercury, in which its extremities, which are slightly 
bent, are plunged. The vertical rods of glass must be very 
long, in order that the backward and forward movement may 
have a sufficiently large amplitude, without the points coming 
out of the mercury. We bring near to one of the extremities 
of this wire, so that it makes any angle with it, a rectilinear 
conductar traversed by a powerful current, and we see the 
motion of the movable current brought about as we have 
pointed out; only it is very limited, the arrangement of the 
apparatus preventing the wire advancing or receding in- 
definitely. We employ with advantage for a fixed conductor 
one of the sides of the rectangle formed of wire covered with 
silk, bent several times round a frame: by the effect of this 
multiplication the current is found to have a much greater 
degree of energy. The experiment we have just described 
is the most direct confirmation of the law of angular currents. 

From the movement that we have now been producing . 
to the continuous rotatory movement, there is but one step. 
In fact, let us fix the movable conductor by that extremity 
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which is most distant from the fixed conductor, so that it may 
describe a circle around this extremity ; at the same time, let 
us plunge its movable extremity into a circular canal filled 
with mercury, and of a radius consequently equal to the 
length of the wire; let us bend the fixed conductor so as to 
form of it a circle around and very near to this canal ; finally, 
let us make a current pass through all these conductors, which 
is easy, as the figure shows (Fig. 108.): we then perceive the 





e e 
‘Fig. 108. 
movable current describe a circle around its point of attach- 
ment, with a continuous rotatory motion. In fact, in whatever 
position the movable current is taken, if we examine the 
action that is exercised upon it by 
the nearest part of the fixed current, 


TT. which, although it is the arc of a 
circle, may without sensible error 
be considered a right line, a tangent 

Î l to the arc, we find that it is con- 

\ 1 stantly driven in the same direction 
N by the combined attractive and re- 


pulsive actions of the two parts of 

this arc that are situated upon the 

Fi. 108. two sides of the summit of the angle 

that is formed withit. Fig. 109., in which the finite current 
is polygonal instead of being circular, and in which the 
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movable current successively occupies different positions, de- 
monstrates in an evident manner how the action of angular 
currents gives rise to a continuous rotatory movement, The 
small arrows without feathers indicate the direction of the cur- 
rents, and those with feathers the direction of the movement. 

In order to render the movement more decided, we lead 
from the centre of rotation, which is a vertical point resting 
upon the bottom of a metal capsule filled with mercury, 80 as 
to be able to establish communication with the pile, two or 
more wires similar to that whose movement we have just 
analysed, and the free extremities of which are in like manner 
bent vertically, so as to plunge slightly into the mercury of 
the circular canal employed for permitting the transmission 
of the current. We also use the precaution of taking for 
the fixed conductor a wire covered with silk, and of making 
it have several revolutions around the circular canal, s0 as 
thus to act, by the multiplication of the fixed current, with 
more energy upon the movable currents, all having the same 
direction, that is, from the centre to the circumference, or 
from the circumference to the centre ; and whose movement 
consequently operates in all in the same direction. In the 
figure (Fig. 108. a.), in place of mercury, there is acidulated 
water in a circular canal of copper; and the vertical branches 
of the movable conductor are all attached to a circular plate 
of very thin copper, which is plunged into the liquid: a 
copper ribbon covered with silk, and making several convo- 
lutions, conveys the fixed current. 

We may substitute for the movable horizontal current a 
vertical current, arranged as in Faraday’s former experiment 
(Fig. 104.). This current, it is true, is not in the same plane 
as the circular fixed current, which is in the horizontal plane ; 
but the law of angular currents does not the less exist be- 
tween them; and the vertical current experiences, by the 
action of this exterior current, a continuous rotatory move- 
ment. Instead of a circle or a cylinder, the movable current 
may equally describe a cone of any angle around the axis of 
rotation; for the action of the currents, the one upon the other, 
remains the same, whatever be the plane in which they are 
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situated. With regard to the direction of the rotation, it 
depends on the relative direction of the currents in the two 
conductors; in order to change it we must change this 
direction in one and not in the other, which may be easily 
understood by not losing sight of the law; and which is 
easily brought about by a suitable arrangement of conductors. 
We may, in like manner, act upon the vertical movable 
current by fixed circular currents placed interiorly, instead of 
exteriorly, to the cylinder which it describes : for this purpose 
we have merely to substitute for the magnet in Faraday's first 
experiment (Fig. 104.), a wire twisted into a helix around a 
cylinder of wood or wax, taking care to employ a wire covered 
with silk, s0 that the spirals of the helix may be well insulated 
from each other. Immediately a current is transmitted through 
this wire, the movable current executes a rotatory move- 
ment, perfectly similar to that which it executed around the 
magnet. În order to change its direction, we must change the 
direction of the current in one of the conductors alone. This 
last experiment, by proving that an clectro-dynamic cylinder 
produces precisely the same effect as a magnet, is a further 
confirmation of Ampère’s theory of the constitution of magnets. 
Faraday’s second experiment—that in which a magnet, 
plunged vertically into mercury, experiences a rotation around 
a vertical current—at first seems contrary to Ampère’s 
principle that the mutual action of two closed currents cannot 
give rise to a continuous rotatory movement. But Ampère 
showed that the phenomenon was not due to the action of the 
vertical current upon the movable magnet, but in truth to 
that of the horizontal currents that are propagatcd over the 
surface of the mercury from the centre, on which the lower 
extremity of the vertical conductor abuts, to the circum- 
ference where there is a metal ring, by means of which the 
voltaic circuit is completed. These currents, which all move 
in the same direction in regard to each other, are consequently 
found to have the same direction as those which are situated 
on the same face of the magnet, and a contrary direction to 
those which are on the opposite face (Fig. 105.). It follows 
that their double effect, attractive on the one face and re- 
VOL. I. 8 
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pulsive on the other, concurs in constantly impressing upon 
the magnet a movement in the direction of the attracted face, 
The liquid constitution of the conductor by which the currents 
are transmitted, enables the magnet to intercept them at the 
very place where it passes in; whence it follows that the 
circuit is in fact an open circuit, and not a closed one; and 
that this case is properly included in the general law laid 
down by Ampère. It is well to cover the magnet with a thin 
coating of wax or gum-lac, in order that the currents shall 
not traverse it, 

However, it is possible to obtain a rotatory movement by 
obliging a current to traverse a magnet. For 
this purpose it is necessary that the current 
that has penctrated into the magnet, shall 
come out of it in a direction perpendicular 
to its surface. Then the action of this current 
upon the two portions of the current of the 
magnet, separated by the point at which it 
comes out, determines a rapid rotatory move- 
7 ment of the magnetised bar upon its axis, as 
indeed ought to follow from the law of angalar 

Fg-110.  currents. In order to make this experiment 
(Fig. 110. : the extremity of the fixed vertical conductor 
must abut upon the summit of the magnet, 
which, by means of its platinum weight, is 
held vertically in the mercury: a small steel 
cup, screwed upon the top and filled with 
mercury, serves to facilitate the transmission 
of the current, which, after having pene- 
trated from the eonductor into the magnet, 
comes out of it to enter into the mercury, 
and radiate toward the circumference of the 
vessel. The direction of the rotatory move- 
ment depends upon that of the current alone, 
since the currents of the magnet do not 

Fay change in direction. 

In order to obtain the rotation of a magnet upon its axis, 
+ may also solder to the middle of a magnetised bar, and 
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perpendicular to one of its faces, a wire, which, by being 
bent vertically at its extremity, plunges by the point in which 
it terminates into an annular canal filled with mercury. The 
magnetised bar is pointed at its two extremities, and is fixed 
vertically between its two points, so as to be able to turn 
freely. From its lower extremity proceeds a second con- 
ducting wire similar to the former, and like it plunging by 
its bent extremity into the mercury of an annular canal; and 
the current is transmitted through the magnet by means of 
these two canals, and the two wires that enter into them. 
Sometimes the bar is curved in the middle of its length, so 
that it presents two vertical parts of equal size, united by a 
small horizontal portion, upon which is screwed a cup full of 
mercury, from which proceeds the vertical conductor intended 
for transmitting the current, the circuit 
of which is completed, as in the preced- 
ing case, by means of a wire fixed per- 
pendicularly into the middle of the 
magnet, and plunging by its curved 
extremity into the circular canal filled 
with mercury (Fig. 112.). It is not in 
this case necessary to have a second 
wire in the lower part. The rotation of 
the magnet occurs in the same manner 
around an axis that passes through the 
point upon which the lower face of the 
horizontal part of the magnet rests, s0 
that the latter is in equilibrium. 

It must not be supposed that in these different experiments 
the phenomenon of rotation is due, as has been erroneously 
stated, to the action upon the magnet of the portions of the 
current that traverse it, or that traverse the conducting wires 
attached to the magnet, and moving with it In fact, how 
could a solid system be set in motion by a force emanating 
from a portion of the very system itself, and connected with 
it in an indissoluble manner? The action can only arise 
from a part of the current which is independent of the 
system that moves: this part is the portion of the circuit 

52 
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pulsive on the other, concurs in constantly impressing upon 
the magnet a movement in the direction of the attracted face, 
The liquid constitution of the conductor by which the currents 
are transmitted, enables the magnet to intercept them at the 
very place where it passes in; whence it follows that the 
circuit is in fact an open circuit, and not a closed one; and 
that this case is properly included in the general law laid 
down by Ampère. It is well to cover the magnet with a thin 
coating of wax or gum-lac, in order that the currents shall 
not traverse it, 

However, it is possible to obtain a rotatory movement by 
obliging a current to traverse a magnet. For 
this purpose it is necessary that the current 
that has penctrated into the magnet, shall 
come out of it in a direction perpendicular 
to its surface. Then the action of this current 
upon the two portions of the current of the 
magnet, separated by the point at which it 
comes out, determines a rapid rotatory move- 
3 ment of the magnetised bar upon its axis, as 
indeed ought to follow from the law of angular 

F9.110.  currents. In order to make this experiment 
(Fig. 110.), the extremity of the fixed vertical conductor 
must abut upon the summit of the magnet, 
which, by means of its platinum weight, is 
held vertically in the mercury: a small steel 
cup, screwed upon the top and filled with 
mercury, serves to facilitate the transmission 
of the current, which, after having pene- 
trated from the eonductor into the magnet, 
comes out of it to enter into the mercury, 
and radiate toward the circumference of the 
vessel. The direction of the rotatory move- 
ment depends upon that of the current alone, 
since the currents of the magnet do not 
change in direction. 

In order to obtain the rotation of a magnet upon its axis, 
we may also solder to the middle of a magnetised bar, and 
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perpendicular to one of its faces, a wire, which, by being 
bent vertically at its extremity, plunges by the point in which 
it terminates into an annuler canal filled with mercury. The 
magnetised bar is pointed at its two extremities, and is fixed 
vertically between its two points, so as to be able to turn 
freely. From its lower extremity proceeds a second con- 
ducting wire similar to the former, and like it plunging by 
its bent extremity into the mercury of an annular canal; and 
the current is transmitted through the magnet by means of 
these two canals, and the two wires that enter into them. 
Sometimes the bar is curved in the middle of its length, so 
that it presents two vertical parts of equal size, united by à 
small horizontal portion, upon which is screwed a cup full of 
mercury, from which proceeds the vertical conductor intended 
for transmitting the current, the circuit 
of which is completed, as in the preced- 
ing case, by means of a wire fixed per- 
pendicularly into the middle of the 
magnet, and plunging by its curved 
extremity into the circular canal filled 
a with mercury (Fig. 112.) It is not in 
this case necessary to have a second 
wire in the lower part. The rotation of 
the magnet occurs in the same manner 
around an axis that passes through the 
point upon which the lower face of the 
horizontal part of the magnet rests, so 
that the latter is in equilibrium. 

It must not be supposed that in these different experiments 
the phenomenon of rotation is due, as has been erroneously 
stated, to the action upon the magnet of the portions of the 
current that traverse it, or that traverse the conducting wires 
attached to the magnet, and moving with it In fact, how 
could a solid system be set in motion by a force emanating 
from a portion of the very system itself, and connected with 
it in an indissoluble manner? The action can only arise 
from a part of the current which is independent of the 
system that moves: this part is the portion of the circuit 
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pulsive on the other, concurs in constantly impressing upon 
the magnet a movement in the direction of the attracted face. 
The liquid constitution of the conductor by which the currents 
are transmitted, enables the magnet to intercept them at the 
very place where it passes in; whence it follows that the 
circuit is in fact an open circuit, and not a closed one ; and 
that this case is properly included in the general law laid 
down by Ampère. It is well to cover the magnet with a thin 
coating of wax or gum-lac, in order that the currents shall 
not traverse it, 

However, it is possible to obtain a rotatory movement by 
obliging a current to traverse a magnet. For 
this purpose it is necessary that the current 
that has penetrated into the magnet, shall 
come out of it in a direction perpendicular 
to its surface. Then the action of this current 
upon the two portions of the current of the 
magnet, separated by the point at which it 
comes out, determines a rapid rotatory move- 
3 ment of the magnetised bar upon its axis, as 
S  indeed ought to follow from the law of angular 

Fg.110.  currents. In order to make this experiment 
(Fig. 110.), the extremity of the fixed vertical conductor 
must abut upon the summit of the magnet, 
which, by means of its platinum weight, is 
held vertically in the mercury: a small steel 
cup, screwed upon the top and filled with 
mercury, serves to facilitate the transmission 
of the current, which, after having pene- 
trated from the eonductor into the magnet, 
comes out of it to enter into the mercury, 
and radiate toward the circumference of the 
vessel. The direction of the rotatory move- 
ment depends upon that of the current alone, 
since the currents of the magnet do not 
change in direction. 

In order to obtain the rotation of a magnet upon its axis, 
we may also solder to the middle of a magnetised bar, and 
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perpendicular to one of its faces, a wire, which, by being 
bent vertically at its extremity, plunges by the point in which 
it terminates into an annular canal filled with mercury. The 
magnetised bar is pointed at its two extremities, and is fixed 
vertically between its two points, so as to be able to turn 
freely. From its lower extremity proceeds a second con- 
ducting wire similar to the former, and like it plunging by 
its bent extremity into the mercury of an annular canal; and 
the current is transmitted through the magnet by means of 
these two canals, and the two wires that enter into them. 
Sometimes the bar is curved in the middle of its length, so 
that it presents two vertical parts of equal size, united by & 
small horizontal portion, upon which is screwed a cup full of 
mercury, from which proceeds the vertical conductor intended 
for transmitting the current, the circuit 
of which is completed, as in the preced- 
ing case, by means of a wire fixed per- 
pendicularly into the middle of the 
magnet, and plunging by its curved 
extremity into the circular canal filled 
s with mercury (Fig.112.). It is not in 
this case necessary to have a second 
wire in the lower part. The rotation of 
the magnet occurs in the same manner 
around an axis that passes through the 
point upon which the lower face of the 
horizontal part of the magnet rests, s0 
that the latter is in equilibrium, 

It must not be supposed that in these different experiments 
the phenomenon of rotation is due, as has been erroneously 
stated, to the action upon the magnet of the portions of the 
current that traverse it, or that traverse the conducting wires 
attached to the magnet, and moving with it In fact, how 
could a solid system be set in motion by a force emanating 
from a portion of the very system itself, and connected with 
it in an indissoluble manner? The action can only arise 
from a part of the current which is independent of the 
system that moves: this part is the portion of the circuit 
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which is not connected with the magnet that is set in rotation, 
and which, consequently, is situated independent of the system 
in motion. This kind of action, although tolerably com- 
plicated, has been calculated, like the others, by M. Ampère 
in a perfectly rigorous manner. 

Ampère, who was the first to obtain the rotation of a magnet 
upon its axis, was led to it by a curious experiment of Savary’s, 
intended to point out the action of angular currents, and 
which we will again describe. À wire rolled into a flat spiral 
is terminated within, perpendicularly to the plane of the spiral, 
and its curved extremity is plunged into a cup filled with 
mercury. The spiral itself is plunged into a circular vase 
filled with acidulated water, the side of which communicates 
with one of the poles of the pile, whilst the other is placed im 
communication with the cup of mercury. The apparatus is s0 
arranged that the vertical stem that carries the cup traverses 
the centre of the copper vessel, the whole being insulated by 
a glass tube ; it follows from this, that the stem by which the 
spiral is sustained, and consequently the spiral itself, may 
turn freely in all directions around the central axis (Fig. 113.) 





Fig. 113. 


The currents that come out or that penetrate by the different 
points of the spiral wire and traverse the liquid by radiating, 
immediately exert an action upon the currents that circulate 
in the wire itself, and determine a rotatory movement of the 
spiral around the vertical stem, conformably to the law of 
angular currents. According as the spiral is wound sinistro- 
girate or dextro-girate, the motion occurs in one direction or 
the other; from this difference there results a change in the 
relative direction of the currents of the spiral, and of those 
of the liquid. 
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Many variations have been made in the apparatus contrived 
for producing the phenomena of electro-dynamic rotation. 
One of the most elegant is that which was devised by 
Mr. Marsh (Fig. 114.), and which consists of one element of 





Fig. V4 


a pile, composed of an annular copper vessel, formed of two 
concentric cylinders, in which is placed the conducting hquid, 
into which latter a zinc cylinder is immersed. A kind of 
support, made of two vertical metal rods connected by a 
horizontal one, furnished with a point in its middle, arises 
from the interior copper cylinder, and serves to suspend the 
entire vessel above a vertical magnet, placed in the axis of 
the apparatus: a similar support arises from the zinc cylinder, 
and also serves to suspend it; the point of its horizontal 
cross-piece rests npon the bottom of a small cup filled with 
mercury, which is upon the cross-piece of the support of the 
copper vessel, and over its point. It is by this means that 
the necessary metallic communication is made between the 
zinc and the copper of the pair. When the apparatus is thus 
arranged, the two supports, and consequently the cylinders to 
which they are attached, acquire a rotatory movement around 
the central magnet, but in contrary directions. It is casy, 
therefore, to see, that the current in fact travels in an opposite 
direction in each of them. 

Davy observed that when the pole of a powerful magnet 
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is brought towards a mass of mercury traversed by electric 
currents, a rapid rotation of this metal is determined around 
the solid conductor that is plunged in to transmit the current. 
The experiment succeeds well with the apparatus that is 
employed for demonstrating the raising of two small cones of 
mercury above metal points, communicating with the poles of 
a pile. The direction of the rotation depends upon that of the 
current, as well as of the pole of the magnet that is brought 
near to the mercury. The phenomenon is due to the action 
that is exercised by the magnet upon the currents which, 
setting out from the metal point that is plunged into the 
mercury, are disseminated over the surface of this eminently 
movable metal conductor. Mr. Poggendorff, who has made a 
special study of the rotation of mercury, has remarked that, 
when it has occurred for a certain time, it relaxes and al- 
together ceases. This effect appears to arise from the oxi- 
dation of the mercury, which is facilitated by its movement, 
and which, when it has once occurred, diminishes the liquidity 
of the metal by rendering it viscous.  Priestley had already 
remarked that simple agitation in contact with air determines 
an oxidation of this metal, which is manifested by the blackish 
colour it acquires, and by a diminution of its liquidity. We 
may also obtain the rotation of mercury by surrounding a 
capsule filled with this metal with a fixed circular conductor, 
making several revolutions around the capsule, and traversed 
by a current. The same current is made to pass through the 
mercury, making it penetrate by the centre and come out by 
the borders of the movable disc, constituted of the liquid. 
This experiment is of the same nature as that of the movable 
rectilinear conductor (Fig. 108.) set in rotation by the action 
of the exterior current. Here each filament of mercury 
plays the part of the movable conductor. In order that the 
experiment may succecd well, we have merely to take caro 
that the current be very powerful, provided it is to be dis- 
tributed over the whole surface of the mercury. 

An interesting observation is that of the rotatory movements 
assumed by mercury in the interior of a hollow magnet, and 
of their comparison with those of mercury placed outside this 
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magnet. In the interior of a hollow vertical magnet, closed 
at its lower extremity, we place a certain quantity of mercury, 
greater or less as the case may be; the current arrives by a 
metal point plunged in the centre of the circular surface of 
the mercury, and radiates from the centre toward the inner 
surface of the hollow magnet. If the level of the surface of 
the mercury is lower than the plane in which the upper pole 
of the magnet is situated, the rotation occurs in the direction 
determined by the direction of the currents of the magnet ; 
it attains its maximum of velocity when this level coincides 
with the middle of the magnet. If the level coincides exactly 
with the plane of the pole, the rotation is null ; if it is above 
that plane, it occurs in an opposite direction. This result, 
which is analogous to what we have already mentioned of the 
opposed action of the two parts of the same face of a magnet, 
situated on a different side of the pole, is due, as we have 
already said, to the particular distribution assumed by the 
molecular currents at the extremities of magnets When the 
hollow magnet is made to plunge into a vessel filled with 
mercury, taking care that the level of the exterior liquid 
coincides with that of the interior liquid, we see, conformably 
with what should follow from Ampère’s theory, that the 
surface of the mercury assumes outside a rotatory movement, 
contrary, in regard to its direction, to that which occurs 
within. 

Mr. Poggendorff, who has lately studied carefully the 
phenomena of the rotation of mercury under magnetic and 
clectro-dynamic influence, has also observed, as I had pre- 
viously done in 1824*, that the direction of the rotation is 
different according to the part of the magnet with which the 
surface of the mercury that transmits the current is in 
contact. He has remarked in particular that this direction 
changes, according as the section of the magnet plunged 
vertically into a vessel full of mercury is above or below the 
pole. If the currents, of which by the theory a magnet is 


* Memoirs of tho Society of Physics and Natural History of Geneva, tom. üii 
2nd part, p. 127. 
8 4 


264 MAGNETISM AND ELECTRO-DYNAMICS. PART OL 


constituted, were all, from one extremity of the magnet to 
the other, quite parallel with each other, and all determined 
in the same direction, it ought not to be so. In fact, with an 
electro-dynamic helix or a solenoïd, the rotation occurs in 
the same direction from one end to the other ; but the poles 
also in these electro-magnets are at the very extremity, 
whilst in true magnets the poles, as we have seen, are at a 
short distance from the extremities. It is this same circum- 
stance which causes, as we have seen, the same current to 
exercise upon the same face of a magnet an attractive or 
repulsive action according as it acts upon the portion of the 
magnet situated between the two poles, or upon those which 
are beyond these poles, even upon the same side. This cha- 
racteristic difference between a magnet and a solenoïd is very 
probably due, as we have already seen, to a particular ar- 
rangement of molecular currents at the extremities of magnets, 
itself arising from the rather complex mutual action which 
these currents exercise upon each other, and from the mole- 
cular constitution of the magnetic substance, 

Another kind of rotation is that which is obtained by 
placing between the two approximate poles of a horse-shoe 
magnet, a metal wheel fixed vertically to a horizontal axis 
that passes through its centre, and around which it can 
turn (Fig. 115.). This wheel is tangent, in the lower point of 
its circumfecrence, to a surface of mercury placed in commu- 
nication with onc of the poles of the pile, 
whilst the other communicates by means 
of the axis with the centre of the wheel. 
The vertical current is attracted by the 
combined action of the two branches of 
the magnet ; the wheel, obeying this attrac- 
tion, moves ; as the part that was traversed 
by the current ceases to be so traversed, 
as soon as it ceases to be vertical, since it 
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: is no longer tangent to the mercury, the 

action of the magnet attracts the new part 
of the wheel which has replaced the former, and s0 on; 
whence results the continuous rotatory movement. 


Fig. 115. 
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Action of the terrestrial Globe upon electric Currents. 


We have already seen, in the first paragraph of this 
Chapter, that a wire bent into a circle or a rectangle, in a 
word, forming a plane and closed curve, when traversed by a 
current, and movable around a vertical axis, places itself in a 
plane perpendicular to the magnetic meridian, and so that the 
current is directed from east to west in its lower part. Am- 
père discovered further that, if the rectangle is movable 
around a horizontal axis so as to be perfectly in equilibrium 
in all its positions around this axis, which we take care to 
arrange perpendicular to the magnetic meridian, it places itself 
in such a position, when traversed by a current, that its plane 
is perpendicular to the direction of the magnetised dipping 
ncedle ; the current is always directed from east to west, in 
the lower side of the rectangle (Fig. 116.). 





Fig. 16. 


In all these experiments a circular current, a rectangular 
one, or one of any form, behaves like the section of the 
magnet, the form and size of which would be those of the 
figure formed by the wire. A ring, formed of several circular 
or rectangular turns of the same wire, covered with silk, as 
is done in M. G. de la Rive’s floats, represents several con- 
tinuous sections of a magnet, and is able moré easily than 
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other combinations of currents to obey the directive action of 
the earth, under the sway of a very small voltaic force, such 
as that resulting from a single pair. In these apparatus we 
have true compasses ; they are also generally provided with 
small card arrows, which, by means of a piece of wood or 
whalebone rising vertically from the cork, are fixed by their 
centre perpendicularly to the plane of the current. These 
arrows, when the floats have acquired the position that is 
impressed upon them by the terrestrial globe, are found to 
have exactly the direction of the compass needle. Care is 
taken so to place the point of the arrow, that it is turned to 
the north side when the current goes from east to west in the 
lower part of the ring (Fig. 117.). 





Fig. 117. 


Finally, a helix of a not very large diameter, (from two to 
four inches), when its wire is traversed by a current, takes 
the same direction as a true magnet would take, whose axis 
should be the same as that of the helix. For this experiment 
we may employ the khelices that we have already described, 
and of which, under the name of clectro-dynamic cylinders or 
solenoïds, we have determined the properties as being alto- 
gether similar to those of magnets. The most convenient 
apparatus is a float, in which the ring is replaced by a closed 
helix, the two ends of which return interiorly to the middle, 
along the axis. 

The employment of electric currents for studying the di- 
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rective action of the earth, presents an incontestible advantage 
over the magnetised needle. With the magnet we have 
closed currents only ; with dynamic electricity, we may have 
open as well as closed currents. Now, the action of the ter- 
restrial globe upon a simple rectilinear unclosed current, may 
furnish interesting results, and throw new lights upon ter- 
restrial magnetism. Ît was this study I made in 1822, by 
means of an apparatus of which I will give briefly the de- 
scription. 

It consists (Fig. 118.) of two circular canals of pipe-clay, 





Fig. 118. 


each forming a ring, the one being of a little less diameter 
than the other; the larger, which is placed lowest, is from 
12 to 15 inches in diameter ; the other, at least 11 to 2 inches. 
The two canals are placed horizontally, one above the other, 
at a distance of from 15 to 20 inches, and sustained by supports 
so arranged that their centre is on the same vertical: each of 
the two circular canals is from 1 inch to 1} wide, and is di- 
vided into two perfectly equal parts by small transverse par- 
titions placed upon the same diameter. These partitions, 
which are one half the height of the sides of the canal, may, 
when we wish it, be covered with the liquid that is placed in 
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the canal, so that the two compartments into which it is 
divided form but one. In the centre of the ring formed by 
the upper canal is a steel cup, that may be raised or lowered 
at pleasure by means of a screw, and to which is attached 
from below a conductor that may be put into communication 
with one of the poles of the pile. The liquid contained in 
each of the four compartments may also, by means of a pla- 
tinum plate, be placed in the voltaic circuit. This liquid is 
mercury, which is generally covered by a thin film of diluted 
nitric acid, s0 as to facilitate the motion of the points of the 
conductors that are plunged into it, by destroying the im- 
purities with which the surface of the metal is always more 
or less covered. 

I successively placed upon this apparatus a rectangle de- 
prived of its lower side, of its upper side, and of both 
sides at the same time; and I found that when the 1 
sides were traversed by the current, the rectangle was directed 
exactly as if it had its four sides. It always placed itself 
perpendicularly to the magnetic meridian, so that the current 
was ascending in the vertical branch situated on the west, 
and descending in that situated to the east. The inspection 
of the figure, both of the apparatus and of the conductor, 
readily explains how the current may be made to traverse 
the branches of the rectangle that remain. In those in which 
the upper branch is wanting, its place is supplied by a glass 
rod, furnished at the middle of its length with a point, which, 
resting upon the bottom of the cup that is fixed at the centre 
of the upper plate of the apparatus, carries the rectangle at 
the same time that it serves itself as a pivot around which it 
can turn. The parts of the conductors that are plunged into 
the mercury are platinum points ; and care must be taken that 
they simply graze the surface of the liquid, so as to render 
the friction as trifling as possible. With regard to the com- 
munications to be established between the different parts of 
the movable conductors, in order to put them into the voltaic 
circuit, they are all affected by means of cups filled with 
mercury, in which the conductors are put that come from the 
circular canals, also filled with mercury. Finally, I reduced 
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the rectangle to a single vertical branch fixed at the extremity 
of a horizontal glass stem, the other extremity of which is 
loaded with a counterpoise, to make equilibrium with the 
wire. The two circular canals were entirely filled with mer- 
cury, 80 that the two transverse partitions were covered with 
it, and the movable branch might freely pass around the 
apparatus without ceasing to be in the circuit. Immediately 
it is traversed by the current, if places itself s0 that the plane 
that it forms with the axis around which it is situated, is perpen- 
dicular to the magnetic meridian, and 1s itself on the east, 1f the 
current that it transmits is descending, and to the west, if it is 
ascending. This is the simple law of the directive action 
exercised by the earth upon a vertical rectilinear current, 
movable on an axis that is parallel to it. 

But this is not all: it is important to know what is the 
action exercised by the earth upon a rectilinear horizontal 
current. Faraday had observed that such a current, when 
free to move parallel to itself, advances or recedes according 
as it is moving in one direction or the other, and this in what- 
ever azimuth it is placed. This experiment may be made by 
suspending from its centre, by means of a long thread of 
waxed silk, and consequently without torsion, a wire, whose 
bent extremitics are each plunged lightly into a glass trough 
filled with mercury, the two troughs are placed parallel to 
each other. Immediately that the wire is in the voltaic 
circuit, when placed perpendicularly to the magnetic meridian, 
it is seen to move parallel to itself towards the south, if the 
current is directed from east to west, and towards the north, 
if it is directed from west to east. It thus advances, from 
one side or from the other, according to its direction, and this 
in allazimuths. If, for example, it is situated in the direction 
of the magnetic meridian, it goes towards the east side if the 
current is directed from north to south, and towards the west 
if directed from south to north. In general terms, it goes 
towards the observer who looks at it, if it is directed from the 
right to the left of this observer, and moves from him, if 
directed from his left to “his right. In order to demonstrate 
this law, we may employ a more convenient apparatus, which 
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may be understood by the mere inspection of the figure 
(Fig. 119.). 





Fig. 119. 


It follows from this law, that a horizontal current, fixed 
by its centre, and being able to execute no other movement 
than one of rotation around this centre, will remain in equi- 
librium under the action of the earth, since it cannot obey 
the effect of this action, which is to make it advance or recede 
parallel to itself. It is not the same if, instead of being fixed 
by its centre, the horizontal current is fixed by one of its 
extremities, the other being free; then, by tending to advance 
always parallel to itself, and this in whatever azimuth it is 
situated, we see it turn by a continuous rotatory movement 
around its fixed point. When the current is directed from 
the centre of rotation to the free extremity, the direction of 
the movement is such, that, by supposing the free extremity 
of the current to be at the west, it is first directed towards the 
south, continues its route towards the east, then towards the 
north, in order to return to the west, and begin again. The 
reverse occurs if the current is directed from the circumference 
to the centre. 

This continuous rotatory movement, which is brought about 
by the action of the earth, may be easily obtained by means of 
the apparatus that we have just employed (Fig. 118.) À wire 
carries at one of its extremities a steel point, perpendicular to 
its length, and by means of which it is placed in the cup filled 
with mercury, that is at the centre of the upper part of the 
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apparatus ; the other extremity of the wire is terminated by a 
platinum point, that plunges slightly into the mercury with 
which the upper circular canal is entirely filled. A small coun- 
terpoise, placed on the side of the point opposite to that where 
the wire is, tends to preserve to the wire a horizontal position. 
One of the poles of the pile is placed in communication with 
the central cup, and the other with the mercury of the upper 
canal. The wire is thus placed in the circuit, still preserving 
its mobility entire. The phenomenon is still more marked 
when from the centre of suspension are made to come two, 
three, or four similar wires, all of which are plunged by their 
free extremities in the mercury of the circular canal. We 
must then employ a powerful current, which is equally 
divided between the two, three, or four wires. It is evident 
that, as the current traverses them all in the same direction, 
namely, from the centre to the circumference, or from the 
circumference to the centre, they tend to turn in the same 
direction, and at the same time; and that consequently their 
effects are added together. The experiment generally succeeds 
better with two branches than with a greater number, because 
the increase of friction, when the number of points that plunge 
into the mercury is very considerable, causes more force to be 
lost than is gained by the multiplication of the branches. The 
length of the vertical branches, by which the horizontal ones 
are placed in communication with the current, is entirely an 
indifferent matter, provided that there are two or four situated 
symmetrically in relation to the axis. 

The experimental analysis that we have been making 
clearly shows us the part played by the different portions of 
the rectangular current in the two fundamental experiments 
of Ampère. In that of the constant direction impressed by 
the earth upon the vertical rectangle, susceptible of turning 
around a central and vertical axis, the two horizontal branches 
of the rectangle do not experience any effect; the vertical 
alone determine the direction. In the experiment of the 
rectangle, susceptible of turning around a horizontal axis 
alone, the direction perpendicular to that of the dipping 
necdle, which is taken by the plane of the current, arises 


272 MAGNETISM AND ELECTRO-DYNAMICS. PART AI. 


only from the action exercised upon the two branches parallel 
to the axis, one of which, that wherein the current moves 
from east to west, is carried toward the south ; and the other, 
that wherein the current is directed from west to east, is 
carried toward the north. The two lateral branches, per- 
pendicular to the axis of rotation, not being able to advance 
in either direction parallel to themselves, do not experience 
any action, and do not therefore contribute to the direction 
taken by the movable conductor. 

The following is a much more simple apparatus than that 
which we have employed for demonstrating the directive action 
of the earth upon a vertical current (Fig. 120.) It consists 
of a vertical wire terminated 
above and below by two hori- 
zontal branches, the upper one 
of which carries a steel point, 
and is prolonged beyond this 
point to carry a counterpoise, 
and the lower of which is ter- 
minated by a platinum point. 
The steel point rests on the 
bottom of a cup filled with 
mercury, situated at the top of 
a metal stem; the platinum 
plunges into a small annular 
canal filled with mercury, which surrounds the base of 
this stem without being in metallic communication with it. 
One of the polcs is placed in communication with the mer- 
cury of the canal, and the other with the central stem ; 
and the vertical movable wire places itself conformably to the 
law that we have established. It is evident that the two 
horizontal branches of the same length, and traversed by the 
same current, but in an opposite direction, do not experience 
any action, because, being on the same side of the axis, their 
contrary effects neutralise each other. We may adapt to the 
floating pile a similar conductor. 

We have already spoken of Ampère’s hypothesis of the cause 
of terrestrial magnetisation. He adinits that the terrestrial 
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globe is surrounded by electric currents, all directed from 
east to west, and situated at a small depth below the sur- 
face of the soil. These currents, like those of the magnet 
or of a solenoïd, have a resultant that is situated in the 
middle, and, consequently, in this case, in the magnetic 
equator ; we may therefore consider their action as equivalent 
to that which would be exercised by a girdle of powerful cur- 
rents directed from east to west on the magnetic equator. It 
is not difficult to prove that the action of this girdle of currents 
upon the movable currents ought to produce exactly the effects 
that have been disclosed to us by experiment. For this pur- 
pose, it is sufficient to show that it explains the two laws, to 
which we have seen that all the phenomena may be traced. 

1st. À vertical current, movable around a vertical axis, 
always places itself so that the plane by which it is united to 
its axis is perpendicular to the magnetic meridian, and that 
it is itself either to the east of this axis if it is descending, 
and to the west if it is ascending. 

2nd. À horizontal current, susceptible of moving parallel 
to itself, advances or recedes according as it is moving in one 
direction or in another, whatever be the azimuth in which it 
is placed. 

These two laws are the consequence of the action of the 
equatorial current upon the movable currents. 

In order to demonstrate it, in as far as the former is 
concerned, let us suppose an indefinite horizontal current 
representing that of the equator, and directed from east to 
west (Fig. 121.), and a vertical current, movable about its 
axis, situated in a different plane. Let us draw the right 
line, that measures the shortest distance between the two 
currents. It is the summit of the diedral angle, which they 
form. If the movable current is descending, it is evident that 
it is directed toward the summit of the angle, as well as is the 
portion of the fixed current situated to the east of this summit ; 
it is therefore attracted by this portion and repelled by the 
other; it therefore tends to move towards the east. If we 
decompose the force that brings it there, and which is parallel 
to the direction of the indefinite currents, into two components, 
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one directed to the plane that unites the current to its axis, 
and perpendicular to this axis, the other perpendicular to this 





Fig. 121. 


plane, we see that the former is destroyed by the resistance 
of the axis, and the latter alone causes the current to move, 
which consequently places itself s0 that its plane is parallel to 
the indefinite current, and is itself on the side of the east. It 
is in equilibrium in this position ; for then the component, 
which causes it to move, becomes null. If the current is 
ascending, it is to the west and not to the east that it is 
carried ; and it also remains in equilibrium when the plane 
that unites it to its axis is parallel to the indefinite current. 
Nov this indefinite current is situated in the magnetic equator ; 
consequently, every plane that is parallel to this equator is 
perpendicular to the magnetic meridian. The axis, in the 
two cases of equilibrium, ought to experience a traction 
arising from the tendency the current has always to move 
more to the cast if it is descending, and to the west if it is 
ascending; a tendency by virtue of which, if it were free 
and insulated, it would turn constantly around the terrestrial 
globe, from west to east in the former case, and from east to 
west in the latter. But this hypothesis, as we can readily 
understand, is impossible of realisation, for it would be neces- 
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sary that the wire that transmits the current should form 
part of a voltaic circuit. 

The second law is a still more direct consequence, s0 to 
speak, than the former of the action of the equatorial current. 
Whatever be the angle that the movable horizontal current 
forms with the fixed current, whether this angle be acute, 
right, or obtuse, or even be null, as occurs when the two 
currents are parallel, it is evident that the two portions of the 
fixed current, by which the summit of the angle is separated, 
concur to drive the movable wire to that side of its two 
portions whose current is moving in the same relative di- 
rection. The mode of suspension can alone arrest the move- 
ment. If the horizontal current is movable around an axis 
which is parallel to it but situated above, we see it rise and 
place itself in the same horizontal plane as its axis, when the 
latter is in the magnetic meridian ; we must only add to the 
axis a counterpoise, 80 as to neutralise as much as possible 
the effect of gravity upon the wire by which the current is 
transmitted. The apparatus that we have employed above 
to demonstrate that a closed circuit may place itself perpen- 
dicular to the dipping needle (Fig. 116.) is the bést for making 
this experiment, providing we take the precaution so to place 
it that its axis is not perpendicular, but rather parallel to 
the magnetic meridian. Moreover, this horizontal position, 
which is assumed by the plane of the current, is entirely in 
accordance with the perfectly vertical direction assumed by 
the dipping needle, when its axis is in the magnetic meridian, 
or, which comes to the same thing, when the plane in which 
it moves is perpendicular to this meridian. 

Finally, if we examine attentively the explanation that we 
have been giving of the two laws, we shall see that it is 
exactly the same, which proves that the former is only a 
particular case of the latter, and that they are both included 
in the general law of the action that is exercised by an inde- 
finite fixed current upon a finite rectilinear current, movable 
around an axis which is parallel to it, and which is directed 
in any manner in space. 

We have already seen that the continuous rotatory move- 
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ment that a current undergoes by the action of the earth is a 
direct consequence of the second law, and is explained in the 
same way. We may easily obtain proof of this by casting 
the eye upon the figure that traces the different positions of 
the movable current in respect to the equatorial current, and 
which are all such as would result from a movement always 
carried on in the same direction, according to the law of 
angular currents (Fig. 122.). 


HW. 
/ 





Fig. 122. 


Ampère’s hypothesis, therefore, on the nature of terrestrial 
magnetism, explains, in the most satisfactory. manner, the 
action of the earth upon movable currents. (Can we say as 
much with regard to the action of the earth upon magnetised 
needles ? It seems that we may answer Yes! since all mag- 
netic phenomena are perfectly well explained by supposing 
that magnets are only an assemblage of currents ; hence the 
latter action is comprehended in the former. However, these 
currents, and those with which we have been operating, are 
of a finite magnitude; this is true; but at the distance at 
which the terrestrial currents are situated from the movable 
current, there is no great difference between a current of an 
inch or so in length, and the molecular current of a magnet, 
However, we must not conceal from ourselves that experi- 
ments still require to be made, in order to establish upon 
solid bases the identity between the cause that determines the 
direction of electric currents, and that which produces the 
direction of magnets. In particular, when once it has been 
well proved that it is the vertical currents, and in no degree 
the horizontal currents, that determine the directive action of 
the earth upon a rectangular current, it appears to us singular 
that compass necdles are so thin and so wide: is there not 
some error in this? and would not the inverse be better ? 
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At least the subject would deserve to be taken up, and it 
would be interesting, as much in theory as in practice, to 
determine, better than has been done, the best form that should 
be given to compass needles. 

It would remain to us to examine to what degree the 
existence of currents in a direction from east to west below 
the surface is possible ; to what cause they may be attributed ; 
if they are reconcilable with the other phenomena of terrestrial 
physics : finally, if they may be perceived directly. These 
are so many interesting questions, of which we shall treat in 
the Fifth Part, the subject of which is terrestrial electricity or 
magnetism. We shall then see which hypothesis of the nature 
of this magnetism is most calculated to account both for its 
action upon electric currents and upon the magnetised needle ; 
and if this double action may be readily included in the same 
explanation. 
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CHAP. IIT. 


ON MAGNETISATION BY DYNAMIC ELECTRICITY. 


WE have already seen, in the preceding Chapter, that imme- 
diately after Oersted’s discovery, M. Arago showed that an 
electric current attracts iron filings and produces magnetisation 
just as a magnet would do. He always found that, in order 
to impress a more decided magnetism upon a steel needle, it 
was necessary to employ a conductor bent into a helix, within 
the axis of which he placed the needle, instead of using the 
rectilinear current. The influence of this form, when given 
to a conductor in electro-magnetic phenomena, is altogether in 
harmony with Ampère’s theoretical ideas. M. Arago equally 
succeeded in magnetising a needle, whether employing the 
current of the pile or the discharge of an electrical machine ; 
and, which is still better, that of a Leyden jar, Davy, on his 
part, had shown that a needle may be magnetised by placing 
it transversely over a wire traversed by a voltaic current, or 
by an electric discharge. No long time elapsed before it was 
demonstrated that the employment of electric currents, which 
is excellent for magnetising soft iron, whose coercitive force 
is almost null, is insufficient to impress powerful magnetism 
upon steel needles, whose coercitive force cannot be completely 
overcome, especially when they are tempered, except by the 
discharge of one or more Leyden jars. 

We will proceed, therefore, to study in succession the mag- 
netisation of steel, produced essentially by electric discharges ; 
that of soft iron, produced especially by electric currents ; and 
the various phenomena, especially the molecular, that give evi- 
dence of the magnetisation developed by dynamic electricity. 


Magnetisation of Steel. 
When a steel ncedle is magnetised by passing the discharge 
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or a current through the wire of a helix, the precaution must 
be taken of placing the needle in a glass tube, around which 
the wire is coiled, in order to prevent the electricity passing 
through the needle, by the contact of the steel with the wire, 
instead of making the tour of the spirals. If we examine 
the position of the north and south poles in a needle thus 
magnetised, we find, by admitting Ampère’s theory, that the 
discharge has determined currents in the steel pursuing the 
same direction as that which has produced the magnetisation ; 
which ought to be the case in this theory, because mag- 
netisation consists in giving a uniform direction to the electric 
currents, pre-existing around the particles of steel or iron. 
This effect is produced in the most direct and most advan- 
tageous manner by the action of exterior currents, arranged 
as the molecular currents should be in the magnetic body, 
were it magnetised, and which oblige these latter to place 
themselves in the same direction as they have themselves, 
and consequently in a position parallel to each other. 
Independently of the direction according to which the dis- 
charge traverses, the direction in which the helix is wound 
naturally influences the direction of the currents, and con- 
sequently the position of the magnetic poles. In a right- 
handed helix, namely, one in which the wire is wound to the 
right, the south pole of the needle is always at the extremity 
through which either the discharge or the current enters ; or, 
which comes to the same thing, at the extremity that is in 
communication with the positive electricity. In the left-handed 
belix, namely, that in which the wire is wound towards the 
left, the north pole is at the extremity through which the 
positive electricity enters. This also is a rigorous consequence 
of Ampère’s theory, as is demonstrated by the directio of the 
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current (Fig. 123.). M. Arago, having wound a long wire 
around the same tube so as to make in succession several 
T 4 
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helices contrary to each other, and having placed therein a 
long steel needle, and after having made a powerful discharge 
or an encrgetic current traverse the system of helices, found 
that the needle was magnetised, but that it presented a 
consecutive point at the junction of each helix. With two 
contrary helices, we obtain the same pole at each of the 
extremities of the necdle, and a single contrary pole in the 
middle ; that is to say, three poles: with three helices, we 
obtain contrary poles at the two extremities, and two con- 
secutive points between each pair ; and so on. M. Arago also 
recognised that, if the helix is long in respect to its diameter, 
and if the spirals are very near together, the position of the 
necdle in the interior of the tube has no influence over the 
degree of magnetism that it acquires, provided that it is 
always placed parallel to the axis. The magnetisation is very 
feeble if the needle is placed exteriorly to the helix, even 
when care is taken to place it as near as possible, and in a 
position parallel to the axis. 

M. Nobili endeavoured to employ a flat spiral for mag- 
netisation instead of a helix, such as Arago had employed, or 
a straight wire, such as Davy had used. He placed the steel 
needles between the spirals, insulated from each other, and 
perpendicularly to their plane ; he passed an electric discharge 
through all the wire of the spiral. The needles situated near 
the centre were magnetised in a contrary direction from that 
in which those were magnetised that were at a greater dis- 
tance off; and there was a point, at a certain distance from 
the centre, where the magnetisation was null We should 
remark that, in this experiment, each needle is placed between 
two currents, which, moving in the same direction, ought to 
give it a different magnetisation; for in order that the action 
of the currents should conspire, it would be necessary that 
the current situated on one side of the needle should move in 
a contrary direction from the current situated on the other 
side. The definitive magnetisation, therefore, depends upon 
the relative intensity of the two currents whose individual 
action is opposed. We shall see further on why near the 
centre the one prevails, and why near the edge of the spiral 
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it is the other. We must first analyse this class of effects 
in less complicated cases. This analysis was first made by 
M. Savary, and afterwards completed by M. Abria We 
will put forth the remarkable results to which these two 
philosophers successively arrived. 

The first of these results is, that the intensity and even the 
direction of the magnetisation produced upon a steel needle 
by a discharge transmitted through a rectilinear wire, depends 
upon the distance of the needle from this wire; in such sort 
that the intensity, far from diminishing constantly with the 
distance, augments with it from a certain point, where it is at 
its minimum; and that, on the same side of the wire for a 
given direction of discharge, the same magnetic poles are 
found placed at one extremity or at the other, according to the 
distance of the needle or the conductor. Thus, near the wire, 
the poles are placed conformably to theory ; but at a greater 
distance, and by the mere fact of this augmentation of dis- 
tance, they are found placed in a contrary direction. The 
wire employed by M. Savary for transmitting this discharge 
was of platinum, was about two vards (two metres) in length 
and çiyth in. in diameter. The steel needles, which were all 
as much alike as possible and strongly tempered, were about 
} an inch in length (-5895 in.), and ;4yth in. (-0098 in.) in 
diameter. He judged of the intensity of the magnetism that 
they had acquired by the number of oscillations they made 
under the influence of terrestrial magnetism. The electric 
discharge was produced from a battery of 22 sq. ft, of surface. 
In order to prevent the needles being mutually influenced, 
they were not placed vertically above each other ; but care 
was taken, while still placing them at different heights above 
the wire, of separating them in the horizontal direction ; 
which was easily done, in consequence of the length of the 
discharging wire. 

The following table points out for each needle, beside its 
vertical distance above the wire, the duration of 60 oscillations 
and the direction of the magnetism that it has acquired by 
the effect of the discharge. The positive direction is that 
which corresponds to the direction of the current, conformably 
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to theory; the negative direction is that opposed to this 
direction. The following is the table : — 





| | 
Distance of the Wire ‘ nu: | 
in Twenticths of Dove of 60 Direction sl Mag- 


an Inch. 


l1st In contact. 52°4 Positive 
2nd 1 1 3°8 do. 
8rd 2 1 128 Negative 
4th 3 44:6 do. 
Sth 4 40°0 do. 
6th ô 41'8 . 
7th 6 448 do. 
8th 7 58-2 do 
9th 8 1 201 do 
10th 9 1 52-0 Positive 
11th 94 1 18:6 do. 
12th 10 1 1 do. 
13th 11 49°6 do. 
14th 13 38-2 do. 
15th 15 33'8 do. 
16th 17 8l1°3 do. 
17th 19 29-5 do. 
18th 22 (=l% a 30:8 do. 
19th 27 (=lin. 29-8 do. 
20th 36 tt in) 35°9 do. 
21st 56 (=24 in. 556 do 
99nd 80 (—4 mn 1 27:6 do. 
23rd 100 (=5 in. 1 480 do. 


From this table we see that, even at À, in. distance, 
the direction of the magnetisation changes, although, when 
in contact or at 4% in. distance, it was positive. At # in. 
distance it again became positive, and it remained 80 to 5 
inches. With regard to the intensity, it is at its maximum 
for needles positively magnetised when in contact and when 
at a height of 2$ in. ; the latter maximum is even sensibly 
stronger than the former. The maximum for negatively 
magnetised needles occurs at À in. from the wire. The 
minimum occurs at the distances where the signs change. 
In another experiment, in which the platinum wire was 
reduced to a length one half less, one yard only, Savary 
obtained four changes in the direction of the magnetisation. 
The last maximum occurred at a height of 14 inches; while 
it was at 1} inches in the former experiments. 
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If, without changing the length of the discharging wire, we 
merely change its diameter, we modify the distances at which 
the changes in the direction of the magnetisation occur; with 
a wire of very fine diameter, for instance, ,47 in. there are 
no longer any of these changes ; and the maximum of intensity 
is at à an inch, namely, at a distance five times less than 
when we operate with a platinum wire three times thicker. 

The intensity of the magnetisation, all other circumstances 
being the same, is greater as the length of the wire is less in 
proportion to its diameter. This increase, however, has a 
limit, and a wire of a yard gives the highest absolute max- 
imum when it is 335 in. in diameter: at the distance at 
which this maximum occurs, namely, at 4 an inch, the needle 
is magnetised to saturation ; for greater lengths the intensity 
is less. The relative maxima for each length are found 
nearer the wire as the latter is longer. We nced scarcely 
remark that, in each case, the absolute intensity of the effects 
increases with that of the discharge. 

The influence exerted by the length and the diameter of 
the conducting wire seems connected with the greater or less 
retardation which these two circumstances exert over the dis- 
charge; for, in a closed circuit of three wires of unequal 
diameters, joined end to end, the effect of the discharge is 
the same, whichever of the three wires is placed above the 
needle. This result arises from the discharge travelling with 
the same velocity in all parts of the same circuit, however 
different be the various conductor of which the circuit is 
composed, provided they are placed one after the other, and all 
traversed simultaneously by the discharge, or by the current, 

The temper and the size of the steel needles exercise a very 
marked influence over the results; untempered needles do 
not present any change of signs, whilst those that are stiffly 
tempered present at least three. In like manner, if the din- 
meter of the needle is somewhat considerable, the maximum 
magnetisation occurs at contact, and there is a continuous de- 
crease of intensity, in proportion as it is removed from the 
wire. À tempered needle of large diameter is thus approxi- 
mated to an untempered needle, which may be explained by 
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remarking that temper only acts upon the surface, and that, 
in a large needle, the surface is much less, in comparison with 
the total mass, than in a small one. 

M. Savary also studied magnetisation produced by helices, 
and he added some fresh facts to those that had been observed 
by Arago. With a brass wire, 2-62 feet in length and ,5, in. 
in diameter, coiled into a helix around a wooden tube about 
+ inch in diameter, so that the distance between two con- 
secutive spirals of the helix was about À in., he obtained six 
changes in the direction of the magnetisation by employing 
discharges of a successively increasing intensity. The needles, 
however, all similar, and tempered hard, were about ;4 in. 
in diameter, and 6, in. in length. If we increase the total 
length of the wire without changing the portion coiled into 
a helix, we end by having no more reversing of magne- 
tisation, but merely variation in the intensity, in proportion 
as that of the discharge increases. The length of the steel 
nccdles placed in the interior of a belix exercises no influence 
over the direction of the magnetism, but simply over its 
intensity. Fragments of long needles magnetised directly 
have less magnetism than similar fragments have, that are 
obtained by breaking a necdle previously magnetised by a 
discharge of the same power. 

Among the results to which M. Savary arrived, we have 
yet to point out some no less remarkable than those that we 
have been detailing; it is in reference to the influence exerted 
upon magnetisation produced by means of electricity by the 
interposition of certain media between the wire by which the 
discharge is conducted, and the steel needle that is submitted 
to its action. M. Arago had observed that wood, glass, and 
insulating bodies in general, in no degree modify this action; 
but it is not the same if the interposed body is a conductor 
of electricity. M. Savary found that, if two similar needles 
are placed in a helix, the one without an envelope, the other 
surrounded by a thick cylinder of copper insulated from the 
wire of the spirals, the discharge that magnetises the former 
powerfully does not produce any effect upon the latter. But, 
by gradually diminishing the thickness of the envelope, the 
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intensity of the discharge remains the same; the enveloped 
needle commences experiencing an action which gradually 
becomes sensible. Observations of this kind are easily made 
by employing plates of tin-foil as envelopes, the thickness of 
which may be diminished or augmented at pleasure by un- 
rolling them or rolling them up. Ît may even happen that, for 
a certain thickness, the enveloped necdle acquires a more 
powerful magnetism than the one without an envelope. Fi- 
nally, it is to be noted that the envelope sometimes changes 
the direction of the magnetisation. Thus of three necdles, 
placed, one in a copper cylinder + inch in diameter, the second 
in a tin cylinder of the same size, and the third without an 
envelope, the former was the least magnetised, making 60 
oscillations in 2’ 35”; the second the most, making them in 
45”’ ; and the third in 1’52”. This latter was magnetised in a 
contrary direction to the other two. 

It is necessary that the enveloping body should form a con- 
tinuous surface: if it is in powder it does not produce any 
effect ; it is true that, in this condition, it ceases to be a con- 
ductor of electricity. Furthermore, it is of little consequence 
whether the enveloping plates be separated from each other 
by insulating strata, or be in immediate contact: the effect 
remains the same, providing that each of them is continuous. 
Mercury behaves like other metals, only its influence is less 
decided. 

Other experiments have been also made by M. Savary, by 
interposing between the rectilinear conductor that transmits 
a discharge, and the needle that is to be magnetised, metal 
plates of different natures and of different thicknesses : this 
curious result follows, that, for very feeble discharges, a con- 
ducting plate, such as a plate of copper, greatly weakens 
the magnetisation, whilst it augments it if the discharge is 
powerful. A thin and a thick plate may produce very diffe- 
rent effects for the same intensity of discharge, and there is a 
certain thickness with which the effect is null. If the needles 
are placed upon the conducting plate and the wire that con- 
ducts the discharge above it, it is found that the presence of 
the plate increases the intensity of the magnetisation ; and 
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the more so as it is thicker. However, there is a certain 
intensity of discharge for which a thick plate increases, and a 
thin plate diminishes, the intensity of the magnetisation. For 
still more powerful discharges there is a diminution, whatever 
be the thickness ; and there is even a point at which the in- 
fluence of the plate gives the needle a contrary magnetism to 
that which the current itself developes. We see by this that 
the effects are very different, and even opposite, according as 
the plate is between the needle and the discharging wire, or 
as the needle is between the wire and the plate. 

M. Savary repeated with electric currents the greater part 
of the experiments that he had made with discharges ; and 
he found that the effects produced by these two forms under 
which dynamic electricity is presented are the more similar, 
as the pile has higher tension, and as it is charged with a liquid 
that conducts less. Moreover, the effects in general are 
less decided with currents than with discharges, especially in 
as far as concerns the changes which the direction of the 
magnetisation undergocs when there is a variation in the 
distance of the needles from the conductingwire. Magnetisation 
is brought about in a very decided manner, if steel needles 
are placed in the interior of a helix traversed by the current. 
The influence of conducting envelopes is also felt in this case ; 
but what is curious is, that it is more sensible as the pile that 
produces the current is feebler. 

We shall not at present endeavour to connect the facts that 
we have been relating with any theory. Those which relate 
to the direction and to the degree of magnetisation of the 
interposed or surrounding conducting media, will find their 
explanation further on, in the phenomena of induction, upon 
which we shall be engaged in the Fifth Chapter. With 
regard to the extraordinary influence exercised by the dis- 
tance of the needle from the conductor that is traversed by 
the discharge that magnetises it, it is also in great part due to 
the same cause. It is, however, probable that it is equally 
connected with that reaction exercised by the magnetisms 
of the molecules upon each other, a reaction that produces the 
consecutive points in the ordinary processes of magnetisation, 
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and which depends essentially upon the dimensions and the 
degree of temper of the steel, as well as on the manner in which 
it is magnetised. 

M. Abria, in his researches upon magnetisation, instead of 
employing electric discharges, made use of currents produced 
by a constant pile. He convinced himself that the degree cf 
temper possessed by a needle has a considerable influence 
over the magnetic intensity that it is susceptible of acquiring 
under the same circumstances. Thus, in order to protect 
himself from this influence, he took all possible precautions 
to give the needles that were intended for comparative ex- 
periments a state of temper as constant and as regular as 
possible, which is not a difficult matter if care be taken to 
heat them all in the same manner at the same time, and to 
temper them together in cold water. He further proved that, 
whatever be the length of the needle, provided it is not longer 
than the helix, its poles are always placed at the two extre- 
mities of the part inserted, and that the portion which is 
outside the helix is not magnetised. The intensity of the 
magnetism acquired by each needle is determined by the 
duration of its oscillations, which may be appreciated to about 
one or two hundredths of a second. 

M. Abria found, by magnetising needles of variable lengths 
and diameters in the same helix, that not only is the magnetic 
intensity absolute, but also the law followed by the variation of 
this intensity with the variation of the force of the current, 
changed with the length and the diameter. If we magnetise 
in the same helix, by the action of a current, with a gradually 
increasing intensity, needles similarly tempered, the magnetic 
intensity increases the more rapidly as the length of the needle 
is more considerable, the diameter not varying, or, when the 
diameter is less. the length remaining constant. So that, if 
the diameter does not vary, the magnetic intensity increases 
for a certain length with the intensity of the current, and for 
a length greater than this, as the square of this intensity ; for 
intermediate lengths it varies more rapidly than according to 
the first law, and less rapidly than according to the second. 
The length for which the developed magnetisation increases, 
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according to the same law, increases at the same time as the 
diameter docs. 

With a longer helix, the length for which the magnetic 
intensity increases as the square of the intensity of the cur- 
rent, increases very rapidly with the diameter. Moreover, 
the absolute length of the helix has no influence over the 
magnetic intensity, so long as the needle is not longer than 
the helix. The diameter of the helix exercises a very marked 
influence this way ; — that, of two helices of the same length, 
the narrower produces a stronger magnetisation ; but this 
is not truc, except when the helices are short; for, if we 
increase sufficiently the length of the same narrow one, the 
difference disappears. Thus, a helix of 1°34 in. in length, and 
£ in. in internal diameter, magnetises more strongly needles 
of different diameters and of different lengths, than a helix of 
*67 in. in length, and at most 15 in. in internal diameter. 

Of two helices of the same length, but containing a different 
number of convolutions, the most energetic is that which has 
the greater number of convolutions ; when the intensity of the 
current is a little powerful, the degree of magnetisation commu- 
nicated to the needles is very nearly proportional to the number 
of the convolutions of the helix ; it is not the same for more 
feeble intensities. Furthermore, this influence of the number 
of convolutions of the helix, varies also with the length and 
diameter of the needles. The metallic envelopes with which 
the needles are surrounded within the interior of the helix, 
and which form, as it were, cases in which they are placed, 
do not exercise any kind of influence over the direction and 
‘the intensity of the magnetism that is communicated to them, 
which establishes a remarkable difference between magnetis- 
ation by currents and magnetisation by electric discharges. 
It follows, as a matter of course, that the metallic envelopes 
in question are not to be made of a magnetic substance, for 
the influence would then not be null. 

À tempered needle, submitted in any manner to the action 
of a current, possesses, after a very short interval of time, all 
the magnetism that it can acquire. If the needle already 
magnetised is subjected to currents acting in an inverse di- 
rection and gradually increasing, the magnetic intensity di- 
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minishes in proportion as the energy of the contrary current 
increases ; it becomes null for a certain intensity of the latter, 
less than the intensity of the current by which the needle was 
previously magnetised ; beyond this, inverse magnetisation 
takes place. When a needle has been demagnetised by the 
action of an inverse current, it does not behave as it formerly 
did ; the new magnetic intensity that it acquires under the 
influence of a given current is sometimes greater, sometimes 
less, than that which it had previously acquired. There is 
also a change in the law by which the intensity of the current 
is connected with that of the acquired magnetism. 

Theirregularities and the very anomalies that are presented 
by the phenomena successively discovered by MM. Savary 
and Abria are, for the most part, due, as we have already re- 
marked, to the important part played in magnetic actions by 
the molecular forces, which have themselves hitherto escaped 
the rigorous laws to which we have endeavoured to subject 
them. 


Magnetisation of soft Iron by electric Current. 


Before making any further advances in the study of the 
phenomena that are connected with the magnetisation of steel, 
let us now turn our attention to that of soft iron. There are 
very considerable differences in the circumstances that deter- 
mine, as well as in those that accompany this magnetisation, 
compared with the similar circumstances as far as steel is 
concerned. 

M. Arago was the first to observe that a wire, when 
traversed by a powerful electric current, and plunged into 
iron filings, retains around it a considerable quantity, which 
form a cylindrical mass of the thickness of a quill At the 
moment when the current ceases to pass through the wire, 
the mass immediately falls This phenomenon evidently 
proves the susceptibility of the particles of iron to acquire a 
powerful magnetism under the influence of a current, and to lose 
it as soon as this influence ceases. Subsequently experiments 
were made by surrounding a bar of soft iron, bent into the form 
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uf a horse-shoe, with copper wire covered with silk and wound 
into a helix, care being taken that the helix of the second 
branch was the continuation of the helix of the first; so that 
if the bar had been straightened, the two helices would have 
formed but one, both right-handed or both left-handed. A 
feeble electric current, such as that produced by a single pair 
of copper and zinc, is sufficient, on being transmitted through 
the wire, to magnetise the bar powerfully. The magnetisation 
is instantaneous ; it occurs as soon as the current commences 
passing, but it ceases almost entirely with the current. It is 
so energetic that, with a suitable pile, we can make a bar of 
soft iron sustain as much as a ton. 
These temporary magnets are called 
electro-magnets( Fig. 124.), to distinguish 
them from permanent magnets of steel, 
and electric helices or solenoïds. The 
discovery of electro-magnets has caused 
magnetism to make a very great pro- 
gress, by furnishing us with a means 
of acquiring immense, and we may 
say almost unlimited magnetic power. 
We shall see in the following Chapter, and especially in the 
Sixth, the immense advantages that science has derived from 
it. I shall confine myself to quoting here the works of 
M. Delesse, a French philosopher, who has very cleverly 
applied the power of electro-magnets to the determination of 
the magnetic properties of a very great number of rocks, 
which would not have been manifested under the action of 
ordinary magnets, even the most powerful. It has also been 
proved that electro-magnets may act upon magnetised bars 
as they would act upon unmagnetised soft iron, that is to say, 
would impart to them a temporary magnetism contrary to 
what they possessed before, without, however, destroying the 
latter, which would re-appear after the action of the electro- 
magnet had ceased. 

Many experiments have been made in order to determine 
the conditions most favourable for the developement of 
powerful magnetism in electro-magnets. The length and dia- 
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meter of the branches of the horse-shoe, the number of 
convolutions of the conducting wire and its diameter, have 
successively been the subjects of numerous investigations. 
The force and the nature of the pile employed for producing 
the current have also been varied, and researches have been 
made as to whether it is better that the wire coiled round the 
two branches of the electro-magnet should be continuous, s0 
as to be traversed successively by the whole of the current; 
or, if it would be preferable for it to be divided into one or 
a greater number of wires, among which the total current 
should be divided. MM. Moll, Henry, Liphaus, and Que- 
telet, and many others, are still engaged upon this subject. 
Lastly, MM. Jacobi and Lenz have determined what they 
call the laws of electro-magnets. But, in fact, results have 
not as yet been obtained that may be regarded as very general. 
This arises from there being nothing absolute in these laws. 
Thus, with a current of a certain intensity, or developed by a 
certain pile, a certain system of electro-magnet is preferable, 
whilst for another current, of a different intensity or origin, 
another system would be preferable. I shall therefore, for the 
present, confine myself to quoting certain results that appear 
very well proved, and that I have myself had the opportunity 
either of verifying or of determining. 

The quality of the iron exercises a great influence over 
the power of the electro-magnet ; it must be as soft as possible : 
thus old iron, and especially Swedish iron, is preferable to all 
others. It is not a bad plan to anneal it several times, in 
order to soften it, taking care to allow it to cool very slowly. 
The rapidity with which iron loses its magnetisation, as soon 
as the current ceases, depends essentially upon its nature: 
however, it likewise depends upon the dimensions of the bar. 
Horse-shoes whose branches are long lose their magnetism 
much less easily and much more slowly than those whose 
branches are short — four inches, for example. The presence 
of the armature at the extremities of the branches of an elec- 
tro-magnet contributes towards its preserving its magnetism. 
Mr. Watkins remarked that an electro-magnet which could 
sustain 1201bs. whilst the electric current was magnetising it, 
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sustaining only 501bs. as soon as the current had ceased to 
pass, continued to support the latter for a considerable time, 
so long as the armature was not disturbed. But, on removing 
the armature violently away, all the magnetism disappeared. 
This same property was also recognised in soft iron magnetised 
by other means than by the electric current. However, if 
the armature is removed immediately after the soft iron has 
become saturated with magnetism, or after it has remained in 
its place several weeks, the electro-magnet, notwithstanding 
this separation, still preserves some traces of magnetism. 
This influence of the armature appears to be due to a state of 
equilibrium that is established between all the parts of what 
might be called a closed magnetic circuit, that is to say, of a 
horse-shoe magnet, the two extremities of which are connected 
with an armature. When this circuit is suddenly opened by 
snatching away the armature, the equilibrium that was esta- 
blished ceases, in order to give place to a second equilibrium 
which brings back the whole of the magnetic forces of the soft 
iron to the natural state of ordinary neutralisation. M. Alex- 
andre observed that, if we strongly heat an electro-magnet 
with a spirit-lamp, at the same time that the wire by which 
it is surrounded is traversed by powerful electric currents, 
we render it, by this double action combined, capable in every 
case of losing its magnetism immediately the electric current 
ceases to be transmitted. In this experiment, we must evi- 
dently put in place of the silk, with which the conducting 
wire, for the sake of insulation, is generally covered, gum-lac 
or resin, which, under the action of heat, forms a liquid mass, 
still capable of producing the necessary insulation. 

Mr. Moll was the first to observe that, when the direction 
of the current is reversed, that of the magnetism, namely, the 
place of the magnetic poles, immediately changes. However, 
the second magnetism is never so powerful as the first, espe- 
cially if the latter had remained a considerable time before the 
change has been produced in the direction of the current ; 
however, a great number of successive changes end by ren- 
dering an electro-magnet susceptible of being magnetised as 
easily in one direction as the other. A strongly magnetised 
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steel needle may also, under the influence of powerful currents, 
acquire poles the opposite to its primitive poles: for this 
purpose, we must so place it that it is not able to obey the 
directive action which these currents would impress upon it. 
We may also advantageousiy magnetise steel needles and bars 
by employing powerful electro-magnets. It is of no import- 
ance whether their magnetism be temporary or not, providing 
that it remains the time necessary for magnetisation. En- 
deavours have also been made, and with some success, to 
apply against the two extremities of an electro-magnet those 
of a steel horse-shoe that had been heated to red-white, and 
to allow it to cool in this position. After the cooling it was 
found to have acquired a powerful and permanent mag- 
netism. 

The facility with which soft iron acquires and loses mag- 
netism, with the cause by which it is produced, and by which 
it is magnetised alternately in one direction or the other, has 
given rise to several pieces of apparatus, and even to practical 
applications such as those of the electric telegraph, and many 
others also, to which we will turn our attention in the Sixth 
Part of this work. We shall confine ourselves for the present 
to describing three pieces of apparatus, which give evidence 
of this double property in the most elegant manner. 

In the first apparatus, the principle of which was devised by 
Mr. Ritchie, we place vertically upon a horizontal support four 
cylindrical electro-magnets of equal length, in such a manner 
that they are situated at the four angles of a square, and their 

D upper surfaces are exactly on the same horizontal 
plane (Fig. 125.). Care is taken to turn them 
80 that each of the four has alternately its north 

‘ and its south pole upwards. Two small electro- 
magnets, placed cross-wise in a horizontal plane 
around a vertical axis, passing through their 
crossing point, are so arranged that when one 
of the four extremities of their two branches is 
opposite one of the magnetic poles, the others 
are also respectively opposite the other mag- 
Each electro-magnet is surrounded by a wire 
us 
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covered with silk, and which is used for transmitting the 
current necessary for magnetisation. The two extremities of 
each of the two wires dip, so as simply to graze the surface, 
into the mercury of two small concentric annular canals, 
which are both hollowed in a piece fixed upon the top of the 
apparatus, and withinside the magnets. Each of these canals 
is divided into four compartments, and the little transverse 
partitions by which they are separated are situated in the 
parts of the canals, that exactly correspond to the situation of 
each magnet. One of the poles of the pile communicates 
with the two opposite compartments of the interior canal, 
and with the two others of the exterior canal ; the other pole 
communicates with the four in the other compartments ; the 
extremnities of the same wire always plunge, one into one of 
the compartments of the exterior canal, and the other into 
the corresponding compartment of the interior canal ; but the 
arrangement is such that if the extremities of one of the wires 
are in certain compartments, those of the other are in the 
compartments that follow or that immediately precede this. 
It follows that the currents traverse the wires of the two 
electro-magnets in opposite directions ; that, consequently, the 
extremitices of these electro-magnets are attracted by the con- 
trary poles of the fixed magnets. But, when they have 
arrived opposite to these magnets, the ends of the wires each 
pass from one compartment into the following one; and 
hence there occurs a change in the direction of the current of 
each of the two wires, and consequently a change in the 
direction of the magnetisation of each electro-magnet, The 
four poles of the electro-magnets are immediately repelled by 
the four poles of the magnets before which they have been 
respectively brought; they are consequently attracted by 
the contrary poles of the following magnets When ar- 
rived before them, the same change of compartments is 
brought about for the ends of the wires; consequently the 
same inversion in the direction of the currents occurs, and 
the same repulsion as before is immediately manifested, and 
so on; whence there results a continuous rotatory movement, 
which may attain to an extraordinary rapidity, which proves 
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with what promptitude the change of direction may be 
brought about in the magnetisation of soft iron. We see that 
the ends of the wires can pass from one compartment to the 
other without being arrested by the partitions that separate 
them, and while still continuing to be plunged in the mercury : 
this is due to the latter, by virtue of its capillarity, being 
raised a little above the sides that form the canals, and con- 
sequently above the partitions which separate them into 
several cells, and which are at the same height as these sides. 
Only it sometimes happens that the mercury, being drawn 
along by the points, covers the partitions, and s0 establishes a 
communication betwecn two consecutive compartments ; which 
must be avoided, for the movement immediately ceases, since 
the current no longer traverses the wires of the movable 
electro-magnets, the two poles of the pile being in direct com- 
munication by the mercury. 

The second apparatus, which shows with what rapidity 
soft iron can acquire and lose its magnetisation, was contrived 
and constructed by M. Froment, 
a skilful Parisian artist. It 
consists (Fig. 126.) of a small 
electro-magnet, the armature 
of which, being composed of 
a very light plate of iron, is 

Fig. 126. able to oscillate between the 
two poles on the one hand and a stop on the other hand, 
against which a spring tends to make it press. An electric 
current, introduced into the apparatus, passes through the 
iron plate and its stop, so that the circuit is interrupted as 
soon as the two pieces are separated. This effect is produced 
of itself by interposing in the circuit the wire by which the 
electro-magnet is surrounded ; for the latter then attracts the 
plate of soft iron, and by separating it from its stop interrupts 
the passage of the current: the magnetisation immediately 
ceases ; the plate of iron, being pressed back by the spring, 
returns and strikes the stop, and again forms the circuit; a 
fresh magnetisation, a fresh interruption of the circuit ; and s0 
on with a rapidity which we have the power of regulating, and 
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which may attain to several thousand beats in a second. By 
turning the screws, which serve to vary the amplitude of the 
vibration and the power of the spring, we can make the instru- 
ment give out all the sounds of the musical scale, which enables 
us to deduce the number of vibrations. This instrument, which 
shows that in one second the iron of an electro-magnet may 
be several thousand times magnetised and demagnetised, pre- 
sents applications to which we shall turn our attention when 
we are treating on induced currents We shall confine 
ourselves for the present to point out one: it consists in the 
instrument being so regulated as to produce a fixed sound; 
the least variations in the intensity of the current employed 
are detected by a change in the sound, arising from a change 
in the number of corresponding vibrations. 

Finally, a third apparatus, constructed by Mr. Watkins 
(Fig. 127.), consists of a balance-wheel, similar to but much 
larger than that of a watch, and connected 
in like manner to a spiral spring. This 
balance-wheel is provided with a small 
piece of soft iron, placed very near to the 
poles of an electro-magnet, so that when an 
electric current traverses the wire of the 
electro-magnet it is attracted by ït, and 
comes and adheres to its poles, drawing with 
it the balance-wheel. But a small ivory disc, in which is 
inclosed a metal plate, is fixed to the balance-wheel, and 
moves with it À metal spring, resting against the cir- 
cumference of the disc, is thus sometimes in contact with the 
metal, at other times with the ivory of the disc. In the 
former case, which occurs when the piece of soft iron is 
distant from the poles of the electro-magnet, the current is 
transmitted and the piece is attracted: in the latter case, 
which occurs when the piece is in contact with the poles, the 
current is no longer transmitted, the electro-magnet is no 
longer attracted, and the piece of soft iron, being no longer 
retained near the poles, the spiral spring that had been 
stretched is released, and causes the balance-spring to return 
back. The latter thus executes in a given time a greater or 
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less number of vibrations: this number depends upon the 
intensity of the current transmitted, and may thus serve as 
its measure. 

In order to study thoroughly and in detail the magnetisation 
produced by electric currents, it is necessary to have one or 
two wooden bobbins, each surrounded by several convolutions 
of copper wire covered with silk, through which the current 
is to be transmitted (F1. 128.). It is well that this copper 
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wire, which thus forms superposed helices, should be from 
3 in. to } in. in diameter, in order that an enerpetic 
current may be transmitted through it without its becoming 
sensibly heated. If to the opening of such a bobbin, whose 
wire is in the voltaic circuit, a rod of soft iron or even of 
steel be presented, we perceive it to be attracted and to rush 
into the bobbin until it is so placed that its middle coincides 
with that of the enveloping helix ; a result which is equally 
obtained whether the rod is shorter or longer than the axis 
of the bobbin, or is equal to it Balls of soft iron, of any 
diameter, when placed at the opening of the bobbin, and 
being free to roll upon a very horizontal plane, in like manner 
rush in and stop at the middle : it is the same with discs and 
rings of soft iron ; except that when they are presented to the 
opening of the bobbin, s0 that their plane is perpendicular to 
the axis of the helix, they immediately turn and place them- 
selves in the middle, so that their plane or their diameter is 
parallel to the axis. This fact, and a great number of other 
similar ones, show, in the most evident manner, the disposition 
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possessed by magnetic bodies of always becoming magnetised 
in the direction of their longest lengths, so that the opposite 
poles are as far as possible from each other. We have a 
further proof of this by making the experiment with a bobbin 
whose opening has a large diameter —five or six inches, for 
example (Fig. 129.), and by particularly observing the ar- 





Fig. 199, 


rangement that is assumed by iron filings when placed in the 
interior of this bobbin. In order that this observation may be 
well made, it is necessary that the axis of the bobbin be vertical; 
we then introduce into one of the openings a dise of wood or 
pasteboard, provided with a rim, and upon which the iron 
filings are placed. At the opening, as well as at the bottom 
of the bobbin, the filings form a multitude of small heaps, 
which all tend toward the centre, namely, toward the point 
where the axis cuts the plane by which they are supported ; 
but in proportion as we approach the middle of the bobbin we 
perceive the small heaps which, when separated from each 
other, were from three quarters of an inch to an inch in 
height, avoid the centre and all approach the edges, namely, 
the outer boundary of the bobbin. It appears that each of 
these heaps forms so many small magnets, which mutually 
repel each other by the effect of the repulsive action of their 
homonomous poles, as would be the case with the magnetised 
needles of a magnetic bundle, if they were movable. If, 
instead of iron filings, we place within the bobbin fragments 
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of iron wire shorter than its interior diameter, as soon as a 
current traverses the copper wire coiled into a helix, we see 
them quit their horizontal position to take a vertical one, 
all of them receding from each other, and even remaining 
suspended in this position, when the support upon which 
they had formerly been placed is removed from beneath 
them. 

A soft iron cylinder, of greater length than the bobbin, and 
placed in its interior, becomes magnetised, whatever be its 
length, in such a manner that its poles are always situated at 
the points immediately outside the bobbin; we may judge 
this from the position assumed by the iron filings. The 
magnetised portion extends to a certain distance beyond the 
bobbin ; and if the two portions that emerge out are of un- 
equal length, the longer is the more powerfully magnetised. 
When a hollow cylinder of iron is introduced into the in- 
terior of the bobbin, so that one of its extremities or both pass 
at least half an inch or so beyond the opening of the bobbin 
(Fig. 128.), we find it to be magnetised exteriorly like a solid 
cylinder, but interiorly not the slightest trace of magnetism is 
manifested ; however, if we place a small iron ball at about a 
quarter of an inch from either of its extremities, we observe 
it to move rapidly toward the opening, and there, making 
the tour of the edge, to slide over the exterior surface, to 
which it remains adhered, notwithstanding its weight, at a 
distance of a quarter or half an inch from the edge. Iron 
filings, introduced into the interior, but near to the edge, 
experience the same effect in an equally instantaneous 
manner. 

Not only does the cylinder of soft iron present no traces of 
magnetism interiorly, except near its edges, but it interrupts 
all the magnetic action of the helix upon iron introduced into 
it. It is not the same if the cylinder is split horizontally, 
providing this cleft goes from end to end; or if it is simply 
formed of sheet iron, the edges of which are brought near 
together, and riveted without being soldered. In this case 
the interior magnetic effects of the helix are manifested as 
usual: it is the same when we introduce into the helix a 
hollow cylinder of copper or any non-magnetic metal, even 
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when these latter cylinders have their surface perfectly 
continuous. 

I have, however, observed a case in which the action of 
the bobbin upon the points situated in its interior is nearly 
the same in intensity, whether there be a hollow cylinder of 
soft iron within it or not, I place a stratum of mercury, 
about + in. in thickness, in a circular capsule, a little less in 
diameter than the interior of the bobbin, into which, by 
means of a vertical stem, Î introduce it to a greater or less 
distance from the opening. An electric current traverses the 
stratum of mercury, radiating from the centre to the circum- 
ference, whence is produced a rotation of the liquid under 
the influence of the current of the bobbin, the direction of 
which is, for all positions, in accordance with Ampère’s law 
of angular currents. The rotation is the same in direction, 
but merely stronger, if the bobbin contains a continuous soft 
iron tube, into the interior of which the stratum of mercury 
is introduced, 


Vibratory Movements and molecular Effects determined in 
magnetic Bodies by the Influence of electric Currents. 


Mr. Page, an American philosopher, had observed, in 1837, 
that on bringing a flat spiral, traversed by an electric current, 
near to the pole of a powerful magnet, a sound is produced. 
M. Delezenne, in France, also succeeded in 1838 in pro- 
ducing a sound by revolving a soft iron armature rapidly 
before the poles of a horse-shoe magnet. In 1843 I myself 
remarked that plates or rods of iron give out a very decided 
sound when placed in the interior of a helix whose wire is 
traversed by a powerful electric current; but only at the 
moment when the circuit is closed, and when it is interrupted, 
Mr. Gassiot in London, and Mr. Marrian in Birmingham, 
had also made an analogous experiment in 1844. Attributing 
this singular phenomenon to a change brought about by the 
magnetism in the molecular constitution of the magnetised 
body, I went through a great number of experiments, in order 
to study this interesting subject. 
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It is above all things important, in order to obtain a 
numerous series of vibrations, to be provided with a means 
of interrupting and of completing, many times in a very 
short space of time, the circuit of which the wire that trans- 
mits the current forms a part; in other words, to render a 
current discontinuous or continuous. With this view, I made 
use of one of the numerous apparatus, called Rheotomes, or 
cut-currents, and which are intended, when placed in the cir- 
cuit, to render a current discontinuous. One of the most 
convenient (Fig. 130.) consists of a horizontal rod, carrying 
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two needles, inserted perpendicularly and parallel with each 
other, so arranged, that when they are immersed simulta- 
neously in two capsules filled with mercury, and insulated 
from each other, the circuit is closed; and when they are not 
immersed it is open. A clock-work movement, or simply a 
winch moved by the hand, gives a rotatory movement to the 
axis; whence it follows that, in a given time, a second for 
example, the circuit may be closed or interrupted a great 
number of times. ‘The apparatus of Fig. 130. presents four 
needles instead of two, and consequently four compartments 
corresponding with the four needles, We shall have occasion 
hereafter to ses the use of the second system of two needles ; 
for the present a single one is sufficient ; and, consequently, in 
all the experiments that will follow, in order to place it in the 
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circuit, we shall employ indifferently either the one that is 
nearest to the clock-work movement, or the one that is most 
distant. There is a risk of the mercury being projected when 
the movement is too rapid ; to prevent this inconvenience, we 
must cover the capsules, the needles, and the axis that carries 
them, with a small glass shade. When the current is very 
powerful, the mercury is oxidised by the effect of the sparks 
that occur at the moment when the needles emerge ; in this 
case it is necessary to remove the oxide, or to change the 
mercury. We may do without mercury, and supply its 
place by two elastic metal plates resting on a cylinder, or 
on the circumference of a varnished wooden or ivory wheel, 
in the edges of which are inserted small pieces of metal, in 
metallic communication together. When the elastic plates, 
by means of the rotation of the cylinder or of the wheel upon 
its axis, come in contact with the metal part of the surface, 
the circuit is closed; when the contact with this metal part 
ceases, which occurs when the contact is with the wood or 
ivory, the circuit is open. It is necessary in this case that 
the two plates, as were the mercury cups in the preceding 
case, shall be in the course of the circuit, that is to traverse 
the wire of the helix, and shall press strongly against the 
circumference. 

We may also interpose in the course of the current 
merely a toothed wheel and an elastic metal plate, which 
presses upon the teeth of the wheel (Fig. 131.) By 
giving the wheel a movement upon 
its axis, we cause the plate to leap 
from one tooth to another ; each leap 
produces a rupture in the circuit, 
which is closed again immediately 
afterwards. The musical tone given 
out. by the plate, when we have no 
other means of measuring it, gives 
us exactly the number of times that 
the circuit has been opened and closed, that is to say, inter- 
rupted, in a second. I have dwelt upon these several kinds 
of Rheotomes because we frequently make use of one or the 
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other of them. For the present, we shall apply them to 
the study of the vibratory movement experienced by mag- 
netic bodies under the influence of discontinuous currents. 
When we place a magnetic but unmagnetised body, such 
as iron or steel, in the interior of a bobbin, this body ex- 
periences very remarkable vibratory movements, as soon as 
we pass a series of discontinuous currents through the wire 
with which the bobbin is encircled. These movements are 
made manifest under the form of very decided and varied 
sounds, when the body has a cylindrical, or even an elongated, 
form. The sound is less decided, but more sharp and more 
metallic, with steel than it is with soft iron Whatever be 
the form or the size of the pieces of soft iron, two sounds are 
always to be distinguished ; one a series of blows or shocks, 
more or less dry, and very analogous to the noise made by 
rain when falling on a metal roof; these blows exactly cor- 
respond to the alternations of the passage and the interruption 
of the current: the other sound is a musical sound, corre- 
sponding to those which would be given by the mass of iron, 
by the effect of transverse vibrations We must take care 
in these sounds to distinguish those that are due to the simple 
mechanical action of the current upon the iron, —an action 
which, being exercised throughout the entire mass, may de- 
form it, and consequently produce, by its very discontinuity, 
a succession of vibrations. However, this is not suffcient 
for the explanation of all the sounds; and we must admit 
that there is, in addition, a molecular action, namely, that the 
magnetisation determines a particular arrangement of the 
molecules of the iron, a rapid succession of magnetisations and 
demagnetisations gives rise to a series of vibrations. How, for 
example, can we otherwise explain the very clear and brilliant 
musical sound given out by a cylindrical mass of iron 4 inches 
in diameter, and weighing 22 Ibs., when placed in the interior 
of the large helix (Fig. 129.), while traversed by a discontinuous 
current. Rods of iron half an inch and upwards iu diameter, 
when fixed by their two extremities, also give out very de- 
cided sounds under the same influence. But the most brilliant 
sound is that which is obtained by stretching upon a sounding- 
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board well annealed wires, one or two twentieths of an inch in 
diameter and a yard or two in length. They are placed in the 
axis of one or several bobbins, the wires of which are tra- 
versed by electric currents, and they produce an assemblage 
of sounds, the effect of which is surprising, and which greatly 
resembles that to which several church bells give rise when 
vibrating harmonically in the distance. In order to obtain 
this effect, it is necessary that the succession of the currents 
be not too rapid, and that the wires be not too highly strained. 
With a wire 5ft. 2 in. in length, and -?; in. in diameter, I 
found that the maximum of effect occurs when it is stretched 
by a weight of from 57 Ibs. to 117 Ibs., if it is annealed; and 
from 64 Ibs. to 126 Ibs. if it is hardened. Beyond these 
limits, in proportion as the tension increases, the total intensity 
and the number of different sounds notably diminish; and, 
at a certain degree of tension, we no longer hear the sound 
due to the transverse vibrations, but simply that arising from 
the longitudinal vibrations. The reverse occurs when the 
wire is slackened. 

Sounds entirely analogous to those we have been de- 
scribing may be produced by passing the discontinuous elec- 
tric current through the iron wire itself We remark, in 
like manner, a series of dry blows, corresponding to the inter- 
ruptions of the current; and stronger and more sonorous 
musical sounds, in some cases, than those that are obtained 
by the magnetisation of the wire itself. This superiority of 
effect is especially manifested when the wire is well annealed, 
and of a diameter of about one-twelfth of an inch; for greater 
or less diameters, the magnetisation by the helix produces 
more intense effects than those which result from the trans- 
mission of the current. Moreover, the same circumstances 
that influence the nature and the force of the sound in the 
former case, exercise a similar influence in the Ilatter. The 
transmission of the discontinuous current produces sounds 
only when transmitted through iron, steel, argentine, and 
magnetic bodies in general; but in different degrees for each, 
depending on the coercitive force that opposes the phenomenon. 
Wires of copper, platinum, silver, and, in general, any metals, 
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except the magnetic, do not give forth any sound, whether 
under the influence of transmitted currents, or under that 
of ambient currents, such as the currents that traverse the 
convolutions of a wire coiled into a helix around a bobbin. 
The sound that is produced when a discontinuous electric 
current is made to pass in an iron wire, explains a fact that 
had been for a long period observed, and had been described 
as far back as 1785, by the Canon Gottoin de Coma, a 
neighbour and a contemporary of Volta This fact is, that 
an iron wire, of at least ten yards in length, when stretched 
in the open air, spontaneously gives forth a sound, under the 
influence of certain variations in the state of the atmosphere. 
The circumstances that accompany, as well as those that 
favour the production of the phenomenon, demonstrate that 
it must be attributed to the transmission of atmospheric elec- 
tricity. This transmission, in fact, does not occur in a con- 
tinuous manner, like that of a current, but rather by a series 
of discharges. Now, Mr. Beatson has demonstrated that the 
discharge of a Leyden jar through an iron wire causes this 
wire to produce a sound, provided it does not occur too 
suddenly, but is a little retarded by passage through a moist 
conductor, such as a wet string. 

The sounds given out by iron wire and by magnetic bodies, 
under the circumstances that we have been describing, seem 
to indicate, in an evident manner, that magnetism produced 
by the influence of an exterior current, as well as by the 
direct transmission of a current, determines in them a modifi- 
cation in the arrangement of their particles, that is to say, in 
their molecular constitution. This modification ceases and is 
constantly produced again by the effect of the discontinuity 
of the current; whence results the production of a series of 
vibrations, and consequently different sounds. 

A great number of observations, made by different philo- 
sophers, have in fact demonstrated in a direct manner the 
influence of magnetisation upon the molecular properties of 
magnetic bodies. M. de Wertheim, in an extensive work on 
the elasticity of metals, had already observed, that mag- 
netisation produced by means of a helix whose wire is tra- 
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versed by the electric current produces a diminution in the 
coefficient of elasticity in iron wire and even in steel; a 
diminution which, in the latter at least, remains in part even 
after the interruption of the current. M. Guillemin has also 
remarked more recently, that a bar of soft iron, fixed by one 
of its extremities whilst the other is free, and which, instead 
of remaining horizontal, is curved by the effect of its own 
weight, or by that of a small additional weight, immediately 
raises itself, when the current is made to pass in the wire of a 
helix with which it is surrounded, which helix is itself raised 
up with the bar, all the movements of which it follows, since 
it is coiled around it. ‘This experiment possesses this im- 
portant feature, —it shows that magnetisation determines a 
modification in the molecular state of iron; for it cannot be 
explained by a mechanical action, which could only occur if 
the helix is independent of the bar. 

Furthermore, an English philosopher, Mr. Joule, suc- 
ceeded in determining the influence that magnetisation can 
exercise over the dimensions of bodies. By placing a soft 
iron bar in a well closed tube, filled with water and sur- 
mounted by a capillary tube, he first satisfied himself that 
this bar experienced no variation of volume when it was 
magnetised by means of a powerful electric current, which 
traversed all the coils of an enveloping helix. In fact, the 
least variation of volume would have been detected by a 
change of the level of the water in the capillary tube; now 
not the slightest is observed, however powerful the mag- 
netisation may be. This result is in accordance with what 
M. Gay-Lussac had discovered by other methods, and with 
what M. Wertheim had also obtained by operating very 
nearly in the same manner as Mr.Joule. But if the total 
volume 1is not altered, it is not the same for the relative di- 
mensions of the bar, which, under the influence of magnetis- 
ation, experiences an increase in length at the same time as 
it does a diminution in diameter, at least within certain limits. 
It was by means of a very delicate apparatus, similar to the 
instrument employed in measuring the dilation of solids, that 
Mr. Joule discovered that a soft iron bar experiences a decided 
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elongation, which is about ;355vuth of its total length, at 
the moment when the current by which it is magnetised is 
established, and a shortening at the moment when it is 
interrupted. The shortening is less than the lengthening, 
because the bar always retains a certain degree of magnetism. 
It would appear that the lengthening is proportional, in a 
given bar, to the square of the intensity of the magnetism that is 
developed in it When we make use of iron wires instead of 
bars, it may happen that it is a shortening and not a lengthen- 
ing that is obtained at the moment of magnetisation: this 
change in the nature of the effect is observed when the degree 
of tension, to which the wire is subjected,exceeds a certain limit, 
Thus an iron wire, 124 in. in length by + in. in diameter, 
distinctly lengthens under the influence of the magnetism, s0 
long as it is not exposed to a greater tension than 772 Ibs. ; 
but the less s0, however, as it approaches nearer to this 
tension. Setting out from this limit, and for increasing 
tensions, which in one experiment were carried up to 1764 Ibs., 
the wire was constantly seen to shorten at the moment 
when it was magnetised. Tension exercises no influence over 
highly tempered steel ; so there is never any elongation, but 
merely a shortening, which commences when the force of the 
current exceeds that which is necessary to magnetise the bar 
to saturation. 

M. Wertheim, on his part, at the close of long and minute 
researches, succeeded in analysing the mechanical effects 
that are manifested in magnetisation. He found that, when 
an iron bar is fixed by one of its extremities, and the bobbin 
is s0 placed that its axis coincides with that of the bar, no 
lateral movement is observed, but merely a very small 
elongation, which rarely exceeds “00078 inch. This elon- 
gation is the greater as the bobbin is situated nearer to the 
free extremity of the bar; and diminishes in proportion as it 
approaches the point by which it is fixed. When the bar 
ceases to be within the axis of the bobbin, the elongation 
still remains ; but it is accompanied by a lateral movement 
in the direction of the radius of the bobbin. The bobbin 
that was employed by Mr. Wertheim was 9-84 in. long, and 
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7 in. in interior diameter; glasses of a magnifying power of 
about 20 diameters, and containing two steel wires, were 
used to measure the elongation and the lateral displacement. 
This displacement, or, what comes to the same thing, the 
versed sine of the curvature of the bar, measured at its ex- 
tremity, was determined for different intensities of current; 
and it appeared that it was in general proportional to this 
intensity, but it varied for each position of the bar in the 
interior of the bobbin. However it may be, we are able to 
find for each of these positions the mechanical equivalent of 
the unit of the intensity of the current, namely, the weight 
which, when applied at the extremity of the bar, would 
produce the same versed sine. Thus, for example, by calling 
the length of the part of the radius, comprised between the 
axis of the bar and the axis of the bobbin, D, the versed sine 
of the curve f, the weight that would produce the same 
versed sine P, the following results have been obtained by 
acting successively upon three bars of iron, the respective 
masses of which were 100, 40:5, and 25°5 : — 


No. of Bars. For D=80. For D=50. 
P f | P 
1 ‘4386 feet |98-92 grs. Tr.| ‘2385 feet | 53°86 grs. Tr. 
2 3°0632 — |41°26 — 15573 — 12304 — 
3 1°5249 — |2257 — ‘9360 — 112-555 — 


We calculate r from the formula P ne, in which f is 


the versed sine of the curvature, g the coefficient of elasticity, 
which is 27122653 Ibs. avoirdupois per square inch for soft 
iron, d and c the width and thickness of the bar, and L its 
length from its fixed point to its free extremity. From the 
preceding table, we deduce the value of the mechanical forces 
that are between them; for D= 80, as 100 : 41°71 : 22-81; 
and for D = 50, as 100 : 40:50 : 23°34. So we may conclude, 
since the masses of the three bars are together as 100 : 40-5: 
25°5, that the effect, which is here an attraction, is propor- 
tional to the mass of iron upon which the current is acting 
We,in like manner, find that it is proportional to the inten- 
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sity of the current; which would render it an easy matter to 
construct upon this principle a very sensible galvanometer, 
by employing a prismatic bobbin and a wide and thin iron 
band. 


Thus, all the experiments that we have-been relating, lead 
us to recognise that there is produced, by the effect of mag- 
netisation, a mechanical traction due to a longitudinal com- 
ponent and to a transverse component; that the latter be- 
comes null when the bar is situated in the centre of the 
helix ; that they are both proportional to the intensity of the 
current and to the mass of the iron. 

It is a more difficult matter to verify the effect of the 
transmitted current than that of the exterior current, by 
which magnetisation is produced. In fact, in the former 
case, the mechanical effect of the current is very difficultly 
separated from its calorific effect. However, it follows, from 
some of Mr. Beatson’s experiments, that an iron wire, at the 
instant it is put into the circuit, appears to undergo a small 
sudden expansion, and one very distinct from the dilatation 
that results in it, as in other metals, from the heating 
produced by the passage of the current. 

Thèse mechanical effects being once well studied, we can 
return, with greater knowledge of the cause, to the study itself 
of the sounds that accompany both magnetisation and the 
transmission of currents. 

M. Wertheim has in a perfectly accurate manner verified 
the existence of a longitudinal sound in an iron or steel bar 
when placed in the centre of helices traversed by discon- 
tinuous currents. This sound, which is similar to that pro- 
duced by friction, is due, as is proved by direct experiment, 
to vibrations actually made in the direction of the axis. 
With wires substituted for bars, the effects are the same, 
except that, when the tension diminishes, we hear, in addition 
to the longitudinal sound, a very peculiar metallic noise, 
which seems to run along the wire, as well as other peculiar 
noises. With transmitted currents we also hear the longi- 
tudinal sound : and it remains nearly the same in intensity 
whether the current traverses only a part of the bar, or tra- 
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verses the whole; a proof of the analogy existing between 
the action of the transmitted current and that of any other 
* mechanical force, such as friction; equally a proof that the 
sound is not due to vibrations of a particular kind, engen- 
dered by the current. The longitudinal sound occurs equally 
in bars and in wires; but when we operate with wires, if 
they are not well stretched, the longitudinal sound is accom- 
panied by the divers noises of which we have spoken. In 
fine, whether with bars or wires, every time the current is 
transmitted, but only in the parts where it passes, we hear 
a dry noise, a crepitation similar to that of the spark, and 
which is transformed into a distinct sound only in the stretched 
portion, if it is a wire that is in the circuit, 

Such are the facts established by M. Wertheim’s researches : 
they are of a nature to confirm the deduction I had drawn 
before him from the simple study of the sonorous phenomena, 
namely, that magnetisation on the passage of the electric 
current produces a molecular derangement in magnetic 
bodies, and that the sounds arise from the oscillations that 
are experienced by the particles of bodies around their 
position of equilibrium, under the influence of currents, 
whether exterior or transmitted. But what now is the 
nature of this molecular derangement ? and how is it able 
to determine both the mechanical effects and the sonorous 
effects that we have described ? 

When the action of exterior currents is in question, we 
may form a tolerably exact idea of the nature of the molecular 
derangement brought about by magnetisation For this 
purpose, we have merely to refer back to the experiment in 
which either fragments of wire or iron filings are placed in 
the interior of a helix whose axis is vertical. As soon as the 
current is made to pass through the wire of this helix, the 
fragments of iron wire all place themselves parallel to the axis, 
that is to say, vertically, and the filings arrange themselves in 
small elongated pyramids in the direction of the axis, which 
destroy themselves and rapidly form again when the current 
is intermittent. The action of the helix, therefore, upon 
filings consists in grouping them under the forms of filaments 
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parallel to the axis, filaments which gravity alone prevents 
being as long as the helix itself. This experiment succeeds 
equally well with impalpable powder of iron as with filings ; . 
it succceds equally well with powder of nickel and cobalt. 
Only if the current that traverses the helix is discontinuous, 
very different effects are observed with each of these three 
metals—effects that depend, as to their particular nature, 
upon the greater or less number of interruptions which the 
current experiences in a given time. The pyramids of filings 
are at their maximum of height when the disc that sustains 
them is in the middle of the helix. They turn under the 
influence of discontinuous currents, providing the succession 
of these currents is not too rapid, so that there are not more 
than 60 or 80 in a second. With 160 there is no longer 
any effect. These differences are indirectly due to the fact, 
that the softest iron has still some coercitive force, and that it 
requires a certain time for magnetising and demagnetising. 
By comparing under this relation tron, nickel, and cobalt, all 
reduced to an impalpable powder, and prepared by hydro- 
gen, we find that nickel still manifests movements for a 
velocity of succession of currents, at which iron ceases to 
manifest any; and that cobalt, on the contrary, ceases to 
manifest them before iron, which is quite in accordance 
with what we know of the coercitive force of these three 
metals. 

The following is an experiment of Mr. Grove’s, which 
demonstrates in an elegant manner this tendency of the 
particles of magnetic bodies to group themselves, under the 
influence of magnetisation, in a longitudinal or axial direction. 
A glass tube, closed at its two extremities by glass plates, 
is filled with water holding in suspension fine powder of 
a magnetic oxide of iron. On looking at distant objects 
through this tube, we perceive that a considerable proportion 
of the light is interrupted by the irregular dissemination of 
the solid particles in the water. But, as soon as an electric 
current traverses the wire of a helix, with which the tube is 
surrounded, the particles of oxide arrange themselves in a 
regular and symmetrical manner, 0 as to alluw the larger pro- 
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portion of the light to pass. The particles in this case are not 
small fragments of iron wire, artificially disaggregated from 
a more considerable mass, but iron precipitated chemically, 
and consequently in its natural molecular state, such as con- 
stitutes a solid body by its aggregation. 

This disposition of the particles of iron and of magnetic 
bodies to approach each other in the transverse direction, and 
to extend in the longitudinal direction, under the influence of 
an exterior magnetisation, which is probably due to the form 
of the elementary molecules and to the manner in which they 
are polarised, is now established in an irrefragable manner by 
direct and purely mechanical proofs. 

It is easy to see that it accounts in the clearest manner for 
the production of sound im a bar or a wire subjected to the 
influence of the intermittent current of the helix. The par- 
ticles contending against cohesion arrange themselves in the 
longitudinal direction when the current acts, and return to 
their primitive position as soon as it ceases: there follows 
from this a series of oscillations, which are isochronous with 
the intermittence of the current. All these effects are much 
more decided in soft iron than in steel or hardened iron, 
because the particles of soft iron are much more mobile 
around their position of equilibrium. 

I have also remarked that both iron and steel, when 
they are already magnetised in a permanent manner by the 
current transmitted through a second helix, or by the action 
of an ordinary magnet, do not experience such strong vi- 
brations when the discontinuous current tends to magnetise 
them in the direction in which they are already magnetised, 
but stronger ones in the contrary case. It is evident that, in 
the former case, the particles already possess, in very nearly 
a permanent manner, the position that the exterior action to 
which they are submitted tends to impress upon them; while, 
in the latter case, they are farther removed from it than they 
are in their natural position. Much more powerful oscilla- 
tions, therefore, ought to occur to them around their position 
of equilibrium in the latter case, and less powerful in the 
former, than when they are in their normal position, at 


cRAP. LL MAGNETISATION BY DYNAMIC ELECTRICITY. 313 


the moment when the discontinuous current exercises its 
action. 

The effects of the transmitted current are due to an action 
of the same order, but acting in a different direction. In 
order to analyse this action well, we must study the distribution 
of iron filings around a wire of iron, or of any other metal 
traversed by a powerful electric current. These filings always 
place themselves s0 as to form lines perpendicular to the di- 
rection of the current, and consequently parallel to each other. 
This is very readily perceived by fixing the conducting wire 
in a groove formed in a wooden plank, covered with a sheet 
of paper, upon which the filings are placed. The latter 
arrange themselves transversely above the wire, whatever 
be the manner in which it is curved, forming small filaments 
of the sixth or eighth of an inch in length, which present 
opposite poles at their two extremitiess When the conducting 
wire is free, these filaments, instead of remaining rectilinear, 
join together by their two edges and envelope the surface of 
the wire, forming around it a closed curve, like a species of 
envelope composed of rings, that cover each other and are 
pressed against each other. Now, the arrangement assumed 
by the particles of iron filings round any conducting wire, as 
well iron as every other metal, when it transmits a current, 
ought to be in like manner assumed by the molecules of the 
very surface of a soft iron wire itself traversed by a current, 
under the influence of the current transmitted by the entire 
mass of the wire. This also is equally demonstrated by the 
mechanical effects studied by Joule and Beatson. It follows, 
therefore, that when the transmitted current is intermittent, 
the particles of the surface of the iron wire oscillate between 
the transverse position and their natural position, and that 
there is consequently a production of vibrations. These 
oscillations ought to be the more easy, and consequently the 
vibrations more powerful, as the iron is softer: with hardened 
iron, and especially with steel, there is a greater resistance to 
be overcome; thus the effect is less sensible. If the wire 
that transmits the discontinuous current is itself traversed by 
a continuous current, moving in the same direction as the 
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discontinuous one, the oscillatory movement ought to be an- 
nulled, or at least notably diminished, since the transmission 
of the continuous current impresses upon the particles in a 
permanent manner the position which the passage of the 
discontinuous current tends to give them in a temporary 
manner. Thus the sound in this case would completely dis- 
appear, or notably diminish. If the wire is of steel, or of well 
hardened iron, the continuous current is on the contrary 
favourable, by its presence, to the oscillating action of the 
discontinuous current, because it deranges the particles from 
their normal position, without, however, being able completely 
to impress upon them the transverse direction on account of 
the too great resistance they oppose to a displacement, which is 
easily brought about in soft iron. The two currents united 
produce what a single current would not be able to accomplish, 
or would accomplish less effectually, and the sound is then 
reinforced, as is proved by experiment. 

In support of the explanation that I have just given, I have 
found that a copper wire, with a thin envelope of iron which 
is contiguous to it, gives rise to the same effects, and of nearly 
the same intensity, when the discontinuous current traverses 
it, as if it were entirely of iron; the sound is merely less 
musical ; it resembles that which M. Wertheim designated 
under the name of “metallic” (iron-y, feraille). As this 
result might be attributed to a part of the current traversing 
the iron envelope itself, instead of circulating exclusively 
through the copper wire, I insulated the latter by means of a 
thin covering of silk or wax, so that the iron cylinder that 
surrounds it is not able to communicate metallically with the 
copper. The effect is exactly the same as in the preceding 
case, that is to say, the discontinuous current that traverses 
the copper wire determines a series of vibrations in the iron 
envelope, which proves that we may admit that the same 
effect is produced upon the surface of an iron wire, which 
itself transmits the current. With regard to the envelope, 
we can easily prove that it experiences a transverse magnetis- 
ation, when the copper wire is in the voltaic circuit ; for, if 
we make in it a small longitudinal groove, we perceive that 
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the iron filings are attracted upon its two edges, which have 
also an opposite polarity. 

The detailed explanation that we have given of the molecular 
phenomena, which, in magnetic bodies, accompany the action 
of currents both exterior as well as interior, finds a further 
confirmation in the observation of several facts of different 
kinds. Thus I have remarked that permanent magnetisation, 
whether impressed upon a soft iron rod by the action of an 
enveloping helix, or by the action of a powerful electro- 
magnet, increases, in a very decided manner, the intensity of 
the sounds that are given out by this rod, when traversed by 
a discontinuous current. This reinforcement is in fact evi- 
dently due to the conflict that is established between the 
longitudinal direction that is impressed upon the particles of 
iron by the influence of the magnetisation, and the transverse 
direction that the passage of the current tends to give to 
them The oscillations of the particles ought necessarily to 
have greater amplitude, since they occur between more ex- 
treme positions. The effect is more decided with soft iron 
rods than with those of steel, and especially tempered steel. 
Mr. Beatson arrived at a similar result by quite another 
method. He observed, that if a continuous current traverses 
a wire, and if, at the same time, it is subjected to the action 
of a helix in which a discontinuous current is passing, the 
wire will undergo a series of contractions and expansions 
which become inappreciable, if the continuous current ceases 
to be transmitted, even when the helix continues to act in the 
same manner, The author drew from this the same conclusion 
that I had deduced from the sonorous effects, namely, that 
the action of the helix impresses upon the particles of iron 
an opposite state to that which is produced by the transmitted 
current, and that one of these actions has the tendency to 
invert the arrangement which the other tends to establish. 

À very curious fact is that magnetisation tends to impress 
upon the particles of soft iron an arrangement similar to that 
which they possess in tempered steel, even before it is mag- 
netised. What confirms the correctness of this remark is, 
that the sound which magnetised soft iron gives out under 
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the action of the transmitted current, is not only more power- 
ful than it is when there is no magnetisation, but it also 
acquires a peculiar dry tone, which makes it resemble that 
which steel gives out without being magnetised. 

The very remarkable influence of tension, which, beyond a 
certain limit, diminishes in soft iron wires their aptitude to 
give sounds, is a further consequence of our explanation. 
In fact, the molecules, by the effect of tension, undergo a 
permanent derangement in their normal position, and are 
consequently found crippled in their movements, and are 
no longer able, under the influence of exterior or interior 
causes, to execute the oscillatory movements, and consequently 
the vibrations which constitute the sound. 

Two facts, of a character altogether different from the 
preceding, still further show that the magnetisation of iron 
is always attended by a molecular change in its mass. The 
first of these facts was discovered by Mr. Grove. It is, that 
an armature of soft iron experiences an elevation of tempera- 
ture of several degrees when it is magnetised and demagnetised 
several times successively by means of an electro-magnet, or 
even of an ordinary magnet set in rotation in front of it. 
Cobalt and nickel present the same phenomenon, but in a 
somewhat slighter degree ; whilst non-magnetic metals, placed 
under exactly the same circumstances, do not present the 
slightest traces of calorific cffects. This experiment can only 
be explained by admitting that the development of heat 
arises from the molecular changes which accompany mag- 
netisation and demagnetisation. The second fact, which is no 
less important, is due to Dr. Maggi of Verona, who proved 
that a circular plate of very homogeneous soft iron conducts 
heat with more facility in one direction than in the other, 
when it is magnetised by a powerful electro-magnet; whilst, 
when it is in the natural state, its conductibility is the same 
in all directions, and, consequently, perfectly uniform. The 
plate is covered with a thin coating of wax melted with oil, 
and the heat arrives at its centre by a tube that traverses it, 
and in the interior of which the vapour of boiling water is 
passing. The plate is placed horizontally on the two poles of 
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a powerful electro-magnet, several insulating cards preventing 
contact between it and the iron of the electro-magnet. So 
long as it remains in its natural state, the curves that bound 
the melted wax assume the circular form, which indicates a 
uniform conductibility for heat in all directions. But, as 
soon as the electro-magnet is magnetised, the curves are de- 
formed ; and they are always elongated in a direction perpen- 
dicular to the line that joins the magnetic poles; which proves 
that the conductibility is better in the direction perpendicular 
to the magnetic axis than in the direction of the axis; a result 
in accordance with the fact that we have established, that the 
particles of iron approach each other, by the effect of mag- 
netisation, in the direction perpendicular to the length of the 
magnet, and recede in the direction of that length, which is 
always the magnetic axis. 


Influence of Molecular Actions upon Magnetism produced by 
Dynamic Electricity. 


We have scen that heat, tension, and mechanical actions 
generally facilitate magnetisation.* M. Matteucci has found 
that torsion and percussive and mechanical actions, not only 
facilitate the magnetisation produced upon soft iron by a 
helix that is traversed by a powerful current, but they 
also contribute, when the current has ceased to pass, to the 
destroying the magnetism in a very rapid manner. The 
same philosopher has likewise observed, that torsion, when 
it does not pass beyond certain limits, augmented the mag- 
netisation produced upon steel needles by discharges of the 
Leyden jar. 

M. Marianini, who has made numerous and interesting 
researches upon magnetisation, arrived at curious results 
upon the aptitude that iron bars may acquire of becoming 
more easily magnetised in one direction than in another, and 
even in being little or much magnetised by the influence of 
the same cause. When an iron bar has been magnetised by 


* M. Lagerhjelm observed that iron becomes strongly magnetic by rupture. 
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the influence of an instantaneous current that circulates 
around it, and when it has lost this magnetisation by the 
action of a contrary current, it is more apt to be magnetised 
afresh in the former case than in the latter. We are able, 
by contrary currents, to give it even more aptitude to be 
magnetised in the latter direction than in the former. The 
augmentation of aptitude that it acquires of being magnetised 
in one direction is equal to the loss of aptitude that it ex- 
periences for being magnetised in the other direction. But, 
by reiterating the action of the currents upon the same bar, 
the increase of aptitude in one direction, and the corresponding 
diminution in the other, become always more and more feeble. 
The modifications of aptitude for acquiring magnetisation are 
accompanied by modifications in the aptitude for losing this 
magnetisation ; but in such direction that the latter is the 
reverse of the former. 

Willing to enter more deeply into the study of the effects 
that we have been relating, M. Marianini subjected iron to 
different physical and mechanical actions. First of all, he 
satisfied himself that neither elevation of temperature, nor 
especially the cooling by which it is followed, neither per- 
cussion nor torsion, nor a violent shock, nor any mechanical 
action, even the most energetic, are able of themselves to 
determine magnetisation ; nor, indeed, does the discharge of a 
Levden jar through an iron bar magnetise it. But these 
various operations, incapable of magnetising, may all serve to 
destroy the polarity of magnetised bodies ; the quantity of 
magnetic force that they thus lose, when their aptitude has 
not been altered, is the greater as the magnetisation has been 
more feeble. But if, after having undergone one of these 
actions, the bar has still preserved a little magnetism, it can 
no longer lose it by this or by any similar action. 

What is very remarkable is, that when the magnetism of 
a bar has been destroyed, on remagnetising it in a contrary 
direction by a succession of instantaneous currents, so that 
its magnetisation is null, we may restore to it its former mag- 
nctism by means of a violent shock, — by letting it fall, for 
instance, on the pavement from the height of a couple of 
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yards. The greater the height of the fall, the more powerful 
is the magnetism it recovers. Thus, a bar, that made a 
needle deviate 60°, having been brought by a succession of 
discharges to exercise no deviation beyond 0°, gave 14° on 
falling from a height of 12-‘8ft., 15° 30 on falling from a 
height of 15-0 ft., and 21’ on falling from a height of 6-4 ft. 
This new polarity was in the same direction as the primitive one. 

Even when, by destroying the primitive magnetisation of 
the bar, we have actually imparted to it a new one in a con- 
trary direction, we find, on letting it fall upon the pavement, 
that we restore to it the first that it possessed. M. Marianini 
would be disposed to believe, from this experiment and other 
similar ones, that the bar had retained its former magnetisation 
while still acquiring the contrary one, which neutralised the 
effect of the first, and even surpassed it; and the shock 
merely destroyed the second, either in whole or ir part, 
which permitted the former to reappear. Flexion, triction, 
heat, or an electric discharge traversing the iron directly, 
may take the place of the shock, particularly when very fine 
wires are in question. 

The action that is exercised by an instantaneous discharge 
through the wire of a helix upon a body already magnetised, 
increases or diminishes the magnetism of this body according 
to the direction in which it is sent; but this increase or 
diminution is the less sensible as the iron is more mag- 
netised, In any case, a given instantaneous current produces 
proportionately more effect when it is made to act with a 
view of diminishing the polarity in the magnetised bodies 
than when it is made to act with a view of increasing it. 

M. Marianini, in order to explain the results of these ex- 
periments, admits a difference between what he calls polarity 
and magnetism. Thus, the same magnet, although deprived 
of polarity, may very readily retain magnetism, when mag- 
netised at one time in two contrary directions with an equal 
force. We must then suppose that contrary magnetic 
systems, producing equilibrium, are able to exist in iron, and 
that exterior forces, such as a current or a mechanical action, 
do not act with the same energy upon the opposite systems. 
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This opinion, which does not as yet appear to us to rest upon 
facts sufficiently numerous, has, however, nothing in it that 
is inadmissible ; nothing, in fact, opposes there being in the 
same bar a certain number of particles, arranged s0 as to 
produce a magnetisation in a certain direction, and others s0 
as to produce magnetisation in the opposite direction; as, 
for example, the interior particles may be found to have in 
this respect an arrangement the opposite of those on the 
surface ; and that such exterior action operates proportionately 
with greater force upon the one than upon the other. This 
point would need to be made clear by further observations, 
and especially by comparative experiments made upon bars of 
different forms and different dimensions ; upon hollow and 
solid cylinders, for example. 

But if some doubts still remain upon the conclusions that 
M. Marianini has drawn from his experiments, there are not 
any upon the new proof which they bring in favour of the 
connection that exists between magnetic and molecular phe- 
nomena. The different degrees of aptitude acquired by iron 
under the influence of certain actions, of becoming more easily 
magnetised in one direction than in the other, are all quite 
in harmony with the disposition with which the particles of 
bodies are endowed, to arrange themselves more easily in one 
direction than in another, This loss of aptitude, after the 
multiplied repetition of the contrary actions, corresponds with 
the indifference to arrange themselves in one manner or the 
other, which is finally presented by the particles of bodies, 
after having experienced numerous derangements in different 
directions.*  Finally, the remarkable effects of shock, flexion, 
heat, in fact, of all those actions that change the relative 
position of the particles, come in support of the relation that 
we have endeavoured to establish. 

The whole of the magneto-molecular phenomena that we 
have been studying, lead us to believe that the magnetisation 
of a body is due to a particular arrangement of its molecules, 


* We have a remarkable example of this in the fragility presented by iron, 
when it has been for a long time subjected to rapid and frequent vibrations, as 
are the axles of locomotives, 
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originally endowed with magnetic virtue; but which, in the 
natural state, are so arranged, that the magnetism of the body 
that they constitute is not apparent! Magnetisation would 
therefore consist in disturbing this state of equilibrium, or in 
giving to the particles an arrangement that makes manifest 
the property with which they are endowed, and not in de- 
veloping it in them The coercitive force would be the 
resistance of the molecules to change their relative positions. 
Heat, by facilitating the movement of the particles in respect 
to each other, diminishes, as indeed does every mechanical 
action, this resistance, that is to say, the coercitive force. 

There remains an important question to be resolved. Are 
mechanical or other actions—disturbers as they are of the 
electrical state—able of themselves to give rise to mag- 
netism ? or do they only facilitate the action of an exterior 
magnetising cause, for example, terrestrial magnetism, which, 
in the absence of all others, is ever present? M. Marianini's 
researches would seem to be favourable to the latter opinion : 
however, the facts that are known do not appear to us suf- 
ficient as yet to establish it in an incontestable manner. Let us 
remark that, even although it should be established, yet the 
non-existence of a previous and proper polarity of magnetic 
bodies, or of electric currents, circulating around them in a de- 
terminate direction, would not necessarily follow. We should 
merely conclude from it that, in the absence of an exterior 
acting cause, the particles, when left to themselves, constantly 
arrange themselves so as to determine an equilibrium between 
their opposed polarities; whence results the nullity of all 
exterior action, 
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CHAP. IV. 


GALVANOMETER-MULTIPLIERS. 


Electro-magnetic Galvanometers. 


WE have pointed out, in the First Part of this work, that 
we may make use of the calorific and chemical properties of 
the voltaic current in order to measure its intensity ; and we 
have also given certain details of galvanometers, founded 
upon these properties. But the action exercised by a current 
upon a magnetised needle has furnished a means in every 
respect far superior to the preceding, for determining the 
existence and appreciating the force of an electric current. 
This action, in fact, is the only one that is general, that is to 
say, which always, and in all cases, accompanies the presence 
of dynamic electricity, whatever be the nature of the circuit 
and the fecbleness of this electricity ; whilst the other actions 
occur only when the circuit contains a conductor capable 
of manifesting them, and when the current is endowed with a 
certain energy. Furthermore, the electro-magnetic effect of 
the current is instantaneous, whilst the electro-chemical effect 
must neccssarily endure for a certain time, in order to be 
appreciated ; and, though the calorific action is equally instan- 
tancous, it possesses the inconvenience of not giving the 
direction of the current, whilst this direction is indicated in 
the most prompt and decided manner by the direction of the 
deviation of the magnetised needle. 

We have seen that a conductor traversed by a current 
placed above a ncedle, but very near to it, and parallel to its 
axis, makes this needle deviate to the east or to the west, 
according as it is moving in a direction from north to south, 
or from south to north. Ifit is below, it makes it deviate to 
the east, when it is moving in the direction from south to north, 
and to the west when it is moving in the direction from north 
to south. It follows from this, that, if the conductor that trans- 
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inits the current, passing first above the needle, is bent so as to 
return below, and so to form two parallel branches, between 





Fig. 192. 


which the needle is suspended (Fig. 132.), the current, that 
traverses the upper branch, tends to make the necdle deviate 
in the same direction as the current that traverses the lower 
one, precisely because it has in the former a contrary direction 
to what it has in the latter. By thus arranging the wire by 
which the current is transmitted, we obtain an action upon 
the needle twice as powerful as if, being retained rectilinear, 
instead of being bent, it had acted only above or below. But,i 
instead of bending it once only, we may bend it twice, which 
doubles the effect ; threc times, which trebles it; in a word, 
we can cause the wire to make a very great number of con- 
volutions, and can so multiply by a considerable quantity the 
action of the current upon the magnetised necdle. It follows 
from this that a very fecble current, whose action would be 
scarcely sensible if the wire by which it is transmitted made 
but one convolution, is able to exert a very markcd action 
when the number of convolutions becomes considerable, This 
apparatus has therefore been named the galranometer-multiplier. 
It is also sometimes called, and rightly 80, the Æheometer — 
measurer of a current. Ît is to a German philosopher, M. 
Schweigger, that we owe the original idea of the galvanometer- 
multiplier. 

In order to construct it, we take the precaution to employ 
a copper wire covered with silk, so that the different convo- 
lutions may be juxtaposed and supcrposed, without there being 
a direct metallic communication from one convolution to the 
other, and 80 that the current may thus traverse the wire in 
all its length. We coil the wire round a wooden or metal 
frame, solidly fixed upon a stand, and which leaves between 

2 


324 MAGNETISM AND ELECTRO-DYNAMICS PART II. 


its lower and upper surface the smallest possible space; it is 
in the interior of this space 
that the magnetised needle is 
suspended: the two ends of 
the wire, which are carefully 
deprived of the silk that covers 
them, serve to place the gal- 
vanometer, that is to say, the 
wire of the instrument, in the 
circuit (Fig. 133.) At the 

Fig. 158. moment when a circuit is thus 
closed, providing that a current is propagated in it, we see 
the needle move; the direction in which it moves indicates 
the direction of the current, the presence of which is detected 
by this movement ; and the number of degrees, or the size of 
tbe arc of deviation, enables us to appreciato its intensity. 





Nobil?s Galvanometer-multiplier. 


In: order to increase the sensibility of the galvonometer- . 
multiplier, M. Nobili conceived the ingenious idea of neutra- 
lising the directive force of terrestrial magnetism, which tends, 
in opposition to the action of the current, to maintain the 
necdle in its normal direction, or to bring it back to it, by 
employing, instead of a single magnetised needle, two needles 
that arc fixed parallel to each other, the reverse poles facing 
each other at the extremities of a small rod of straw or metal, 
which passes through their centres of gravity. One of the 
ncedles is placed within the frame and the other without; s0 
that, as may be easily seen, the deviation which the current 
tends to impress upon the former accords with that which 
it produces upon the latter, the position of the poles being in 
the one the reverse of what it is in the other; for, if they had 
their homogencous poles turned on the same side, they would 
on the contrary deviate in opposite directions, the one being 
above and the other below. Thus, there follows from the 
addition of this second needle, a considerable increase in the 
sensibility of the apparatus. It is necessary that the two 
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needles should be as similar as possible; they are suspended 
to a cocoon filament fixed to the upper extremity of the small 
stem by which they are united. If they had exactly the same 
magnetic force, this system would be astatic ; — that is to say, 
would not experience any directive action on the part of the 
earth, and would remain in equilibrium in all azimuths. It 
would be a difficult matter to obtain this result: moreover, 
it is necessary that the system of two needles should have a 
slight directive force, in order to be able to assume a deter- 
minate position; and that, consequently, one of the needles 
should have a little more powerful magnetism than the other. 
We must be careful, in the construction of the galvanometer, 

to choose a copper wire as much deprived of iron as possible, 
which is not always easy; in this respect copper, not brass, 
is preferable. With regard to the dimensions of the wire, 
they depend upon the kind of circuit into which it is to be in- 
troduced. Ifit is a circuit whose conductibility is imperfect, 
which contains liquids, for example, it is advantageous to have 
a long and consequently a fine wire, in order that its convo- 
lutions may be as near as possible to the necdle; in fact, the 
introduction into the circuit of such a wire as this does not 
sensibly modify its conducti- 
bility. But, if the circuit is a 
good conductor, all metallic, for 
example, the current would be 
too much enfeebled by the ad- 
dition of a long and fine wire, 
and more would be lost by this 
cause of weakness than would 
be gained by the increase of 
sensibility of the apparatus, re- 
sulting from a more consider- 
able number of convolutions. It 
would be better in this case to 
employ a shorter wire and one 
of larger diameter. We shall 
Fig. 194. have occasion, in a more general 

manner, to treat upon this question, which is connected with 

+3 





326 MAGNETISM AND ELECTRO-DYNAMICS. PART IL, 


the propagation of dynamic electricity, in the Fourth Part 
of this work. For the present, we shall confine ourselves to 
describing Nobilrs galvanometer-multiplier (Æïg. 134.), re- 
marking that, according to the purpose to which it is pro- 
posed to be applied, the dimensions and the number of the 
convolutions of the wire must be varied ; and, if we have not 
beforehand a very decided object in view, it is well always 
to have two instruments at command, one with a short wire, 
the other with a long one. 

First, the following are the dimensions of the frame :-—The 
width is 1 inch, and its length 15 in. The opening in the 
upper part is Lin. The external height between the two 
horizontal cheeks is + in., and the interior length between the 
two vertical sides is 2in. It is within this interior and vacant 
space, 2 in. Jong by + in. high, that the lower needle moves. 
The upper needle is situated above the frame, but as near as 
possible to the wires that are coiled around it. The silk- 
covered wire is less than ç}> in. in diameter; and it makes 
800 convolutions around the frame. The needles are two 
ordinary sewing needles 14 in. in length, and magnetised to 
saturation. They are placed parallel to each other, with the 
reverse poles facing, at a distance of 3 in., and are fixed at 
each of the extremities of two small copper wires twisted 
upon each other. The suspension thread is a doubled thread 
of the cocoon, from 4 to 6 inches in length. The frame is 
placed upon a movable support, which enables us to give it all 
possible positions in respect to the needles. With this view 
it is fixed upon a pivot, which turns upon its axis by means 
of a wheel and pinion, that is made to move at pleasure, in 
one direction or another, by means of an external knob. In 
order that this movement of the frame may be execcuted, it is 
necessary that the two ends of the silk-covered wire should 
have sufficient length from the point where they quit the 
frame, and that to which they are fixed upon the frame of the 
instrument. 

The cocoon filament is suspended to a bracket stem, and 
by means of a small drum moved by a wheel, the two-needle 
system may be made to descend or to ascend by insensible 
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degrees, so as to be placed exactly at the height required. 
À circular division, whose centre exactly coincides with the 
prolongation of the suspending thread, is placed above the 
frame and the wires by which it is surrounded. It is upon 
this division that the upper needle indicates the degrees of 
deviation. We generally adjust to one of the ends of this 
needle a fragment of very fine bristle, which points out the 
degrees of deviation upon the divided circle, the dimensions 
of which may thus be rendered much greater. With regard 
to the needles, whatever precautions are taken that the system 
formed by them shall be astatic, there nevertheless remains to 
this system an appreciable directive force, which does not 
prevent the apparatus possessing a great degree of sensibility. 
If the directive force is too great, it is diminished by a process 
pointed out by M. Nobili himself. We discover which of the 
four poles of the needle has the most magnetism ; we remove 
from it a portion by touching it slightly with the opposite 
pole of a bar feebly magnetised, and we continue this until 
the system moves out of the magnetic meridian in order to 
approach more or less the position perpendicular to this 
meridian. We then make the system oscillate, and judge 
from the number of oscillations in a given time if the action 
of the terrestrial magnetism is sufficiently diminished. As 
we have already mentioned, we must leave to the system only 
just as much directive force as is necessary to maiïntain it in a 
fixed position, in order that it may abandon this position under 
the action of the most feeble current. This is the principal 
cause of the sensibility of the apparatus : we must therefore 
use every effort to attain to it. 

The instrument is covered with a bell-glass, the upper part 
of which is pierced with a hole, that allows a passage to the 
knob by means of which the toothed rod carrying the cocoon 
filament may be lowered or raised. 

The galvanometer-multipliers differ from each other only 
in the dimensions of the silk-covered copper wire ; there are 
some whose very fine wire makes more than one or two 
thousand convolutions, as also there are some, the larger wire 
of which makes only a few convolutions : a wire ;Lth in. in 
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diameter, making thirty convolutions, is the type of a short 
wire galvanometer. 

The insulation of the convolutions is a condition of im- 
portance to be well fulfilled ; for if the electric current, 
instead of traversing all the convolutions of the wire, should 
pass laterally from one layer to the other, the effect, if not 
totally annulled, would be at least singularly weakened. 
This insulation is not always so easy to be obtained as may 
be imagined ; it is necessary that the silk by which the wire 
is covered should be very closely packed, and should form a 
tolerably thick envelope. These precautions are especially 
necessary when we wish to detect, by means of a galvanometer, 
the electric current resulting from the discharge of the con- 
ductor of an electrical machine or Leyden jar. M. Colladon, 
who was the first to succeed in making a magnetised needle 
deviate by the action of this current, employed a galvanometer 
of at least 500 or 1000 convolutions, the wire of which was 
doubly covered with silk, and each series of convolutions was 
separated from the following one by gummed silk. Without 
this double precaution the electricity would easily pass from 
one convolution to another. In order to obtain the action of 
the electricity of a machine upon the ncedle of a galvanometer, 
M. Colladon, after having put one of the ends of the wire in 
communication with the cushions of the machine, brought the 
other, which was terminated by a fixed point and held by an 
insulating handle, to different distances from the conductor, 
in order to draw off the positive electricity. At four inches 
distance the deviation was 18°, at eight inches it was not more 
than 10°, and at thirty-nine inches it was still 2°. 

It is easy, as may be understood, to determine the direction 
of the current by which a galvanometer is affected, when we 
know the direction in which the wire is wound around the 
frame, and know the position of the poles of the two mag- 
netised necdles. In fact, in like manner as when we know 
the direction of the current, we are able beforehand to deter- 
mine the direction of the deviation of the needle, so also, when 
knowing the direction of the deviation, we may conclude from 
it the direction of the current. For this purpose, we have 
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only to apply the law that was discovered and formularised 
by Ampère. But it is shorter and more convenient to obtain 
this determination by a direct experiment, by making one of 
the ends of the wire of the instrument communicate with a 
small plate of zinc, and the other with a plate of copper or 
platinum: these two plates are plunged in water, and we 
then take notice of the direction in which the upper needle 
deviates, recollecting that the current which produces this 
deviation goes from the copper to the zinc through the wire 
of the galvanometer : this will in like manner be the direction 
of every current that shall bring about a deviation in the 
same direction ; whilst every current that shall bring about 
a deviation in the contrary direction will have an opposite 
direction. In order to avoid the tedium of frequently re- 
peating this testing, we mark a letter, the letter a for example, 
on the foot of the instrument, at the place where one of the 
ends of the galvanometer wire terminates, and the letter b at 
the place where the other terminates; then the letter A upon 
the side of the circular division toward which the north point 
of the upper needle turns when the current enters by a, and 
the letter B on the side toward which the same point turns 
when the current enters by b (Fig. 134.) It must not be 
forgotten that care is to be taken to turn the movable frame 
of the instrument, so that the system of wires is perfectly 
parallel with the direction that the magnetiscd needles natu- 
rally assume, and that the north pole of the upper needle be 
situated between A and B. 

À very important precaution is not to act upon a gal- 
vanometer with a current too powerful for the instrument ; 
for the action of such a current would risk modifying the 
magnetism of the needles, either by diminishing the intensity 
or even by inverting it: the sensibility of the galvanometer 
is thus greatly altered, and we run the risk of afterwards 
committing errors, either in regard to the force or to the 
direction of the currents that we may desire to appreciate. 

It even frequently happens that the needle of a galva- 
nometer, by remaining for a certain time under the influence 
of a current that is not very powerful, undergoes a modifi- 
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cation in its magnetism. The magnetic axis, as Peltier has 
observed, by obeying the action of the current, which tends 
to place it perpendicularly to its proper direction, recedes 
from the axis of the form of the needle. It follows that, as 
this axis makes a greater angle with the magnetic meridian, 
the needle is solicited with greater force by terrestrial mag- 
netism, which establishes a new equilibrium between the two 
contrary actions, —the terrestrial magnetism, that tends to bring 
back the needle to 0°, and the current, that tends to drive it 
to 90°. Some moments after the circuit has been broken, the 
magnetic axis of the needle returns to its primitive position. 
Thus a constant current makes the needle deviate 50° : at the 
end of ten minutes, the needle approaches towards the 0°, and 
stops at 49°, or even at 48°; the circuit is broken, and the 
needle is left free for a minute only : it is subjected anew to 
the action of the current ; the primitive 50° are again obtained, 
although care has been taken during the repose of the gal- 
vanometer to keep the circuit closed, so as not to change 
anything in the circumstances of the experiment, —a proof that 
the effect is entirely due to a derangement of the magnetic 
axis, and not to a weakening of the current. 


Differential Galvanometer. 


When we desire to compare the relative force of two 
currents, it is very convenient to make use of the differential 
galvanometer (Fig. 135.). This name is applied to a galva- 
nometer formed of two wires, perfectly equal in length and 
in diameter, and of the same nature, in a word, perfectly 
similar, which are wound simultaneously round the frame, 
and which are similarly situated in respect to the needles, s0 
that when opposite and equal currents are made to pass 
through each of them, the needles remain at zero, that is to 
say, they experience no deviation on account of the two equal 
and contrary actions to which they are exposed. But if the 
system of needles is moved, the direction in which the de- 
viation occurs indicates that one of the currents is more 


powerful than the other, and also indicates which it is that is 
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the more powerful. The amplitude of this deviation enables us 
to appreciate approximately how much more powerful it was. 

Such a galvanometer ns this possesses also the advantage 
of being able to serve as either a long or a short wire 
galvanometer. In fact, as there are two wires, there are 
four ends terminating at the foot of the instrument. Let a 
and b be the two extremities of the former wire, and 4’ and # 
those of the latter. When we desiro to have a long wire 
galvanometer, we connect, by a small metal arc, the extremity 
& of the former wire with the extremity a’ of the latter, in such 





Fig. 185. 


a manner that the current, entering for example by a, and 
coming out by L’, traverses successively and in the same 
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direction both the wires a b and a’ &. When we wish to have 
a short and thick wire galvanometer, we connect by a metal 
arc a and a’, and do the same for b and L’; we make the 
current enter by the two united ends (a and a’), and come out 
by the two others (b and L”); so that it traverses simultaneously 
the two wires in the same direction, which amounts to the 
same thing as if it traversed only one of the same length as 
one of them, and of double the sectional area. Finally, by 
using but one of the wires, namely, by making the current 
enter by a and come out by b, or else enter by a«’ and come 
out by b’, we have a galvanometer of short and fine wire. 
The same instrument may thus fill the office of three gal- 
vanometers at the same time that it serves the purpose of a 
differential galvanometer. The letters A and B marked on 
the frame, indicate that the current enters by a or a’ if the 
north pole of the upper needle deviates towards A, and by b 
or b’ if it deviates towards B. 

Fig. 135. represents a differential galvanometer, constructed 
of large dimensions, on account of the facility we have of 
seeing its indications from a distance. With this view, the 
upper magnetised needle is covered with a long and very 
light slip of fine whalebone cut into the form of an arrow, 
which, by moving over a white frame upon which the 
divisions are traced, is extremely visible. This instrument 
is very sensible; for, on placing two very clean plates of 
platinum, communicating with the ends of the wires, the one 
under the tongue and the other over, we obtain a current 
capable of producing a deviation of several degrees. 


Comparable Galvanometers. 


We have hitherto regarded the galvanometer as an instru- 
ment fitted for detecting the presence of even the most feeble 
current, and of indicating its direction ; it now remains to us 
to examine how it may determine its intensity. 

This intensity may be appreciated approximately by means 
of the amplitude of the deviation; but it is far from being 
proportional to it, at least on as far as 90° ; although from 0° to 
20° we may, without sensible error, as experiment has proved, 
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admit this proportionately ; so that a current that produces a 
deviation of 12° bas a double intensity to that which pro- 
duces a deviation of only 6”, and triple of that which produces 
one of only 4°, and s0 on. 

The most simple means for determining in a galvanometer 
the relation existing between the forces and the angle of 
deviation, is to roll around the frame several wires inde- 
pendently of each other, placed similarly in respect of the 
needles, and to pass the current first through one, then 
through two, then through three, and s0 on; so that we thus 
act upon the needle with forces as 1, as 2, as 3, &c. It is 
merely necessary that the wires be sufficiently large and not 
too numerous, s0 that the current, in traversing them all 
successively, does not experience any sensible diminution in 
intensity by the effect of their resistance of conductibility. 
By operating in this way, we may satisfy ourselves that just 
below 20°, and for stronger reasons beyond it, the deviations 
are no longer proportional to the force of the current, but 
proportionately less considerable. 

Beyond a limit which cannot surpass 20°, and which fre- 
quently does not attain to that, there are two circumstances 
which prevent the intensities of the currents being proportional 
to the angle of the deviations. One is, that the directive force 
of the globe, which, by tending to bring back the system of 
needles into the magnetic meridian, produces equilibrium with 
the force of the current that moves it from it, is proportional 
not to the angles, but to the sines of the angles of deviation ; 
and that from about 20° the difference between the arc and 
its sine, which was but little sensible until then, becomes too 
considerable to permit of their being taken indifferently for 
each other. The second circumstance is, that as soon as the 
needle or the two necdles recede from the magnetic meridian 
in which they are naturally rctained, and in which the 
movable frame is to be placed, so that they may be parallel 
to the wires, their position in respect to these wires is no 
longer the same; and, consequently, the currents can no 
longer act upon them in the same manner. It is easy to sce 
that if, in the normal position, that in which the wires are 
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parallel to the needles, the force possesses its whole intensity, 
as soon as there is a deviation from the meridian it acts only 
by a component less in proportion as the angle of deviation is 
greater. This circumstance, the influence of which is but 
little sensible for the first degrees of deviation, becomes ex- 
cessively s0 as soon as this deviation increases. In order to 
remedy this, M. Peltier had proposed to substitute for each 
of the two needles of the astatic system two needles crossed 
at a right angle in the same plane. It follows, from this ar- 
rangement, that, when the needles that are parallel to the 
frame are driven from it, the others tend to enter into it, and 
that one of the effects almost compensates for the other. 
M. Peltier found that the indications of this instrament up to 
45° are exactly proportional to the intensities of the current. 

But if we desire, for measuring currents, to have galvano- 
meters in which this proportionality is perfectly exact, we 
must employ the sine galvanometer or the tangent galvano- 
meter. It is true that as these two instruments contain but a 
single magnetised necdle, they lose in sensibility what they 
gain in accuracy. They are therefore essentially applicable 
to the determination of certain laws in which we act upon 
currents that may be procured as intense as is necessary. 

The sine galvanometer (Fig. 136.), the principle of which I 





Fig. 136. 
had described as far back as 1824*, and which M. Pouillet 


* Mém. de la Soc. de Phys et d'Hist. Nat. de Genève, tom. üïi, part I. p. 117. 
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has constructed more recently under a slightiy different 
form, consists of a compass needle from 45in. to 6in. in 
length, furnished with an agate cap, by which it rests upon a 
steel point placed exactly in the middle of a low and narrow 
metal frame, around which is carefully wound a wire or a 
ribbon covered with silk, which makes a greater or less 
number of convoluticns, according to the degree of sensibility 
that we desire to impart to the apparatus. The multiplier 
and its needle are fixed upon the movable transom of a 
divided circle ; and when they are both in the plane of the 
magnetic meridian, the apparatus is at the zero of the division. 
The needle, by its position in the interior of the frame of the 
multiplier, to which its axis must remain parallel, accom- 
modates itself with difficulty to the exact determination of its 
real direction. In order to obtain the direction with pre- 
cision, and in a convenient manner, we add to the needle, 
perpendicularly to its length, a thin and light slip of wood, 
upon which we have traced an index-line, that enables us to 
judge of the true position of the needle itself. We are sure 
that it is exactly parallel to the mean plane of the multiplier, 
when the index-line, of which we have just spoken, falls 
beneath the wire of a lens that is fixed to the movable piece 
upon which the galvanometer is adjusted. In order to 
operate with this instrument, we begin by placing it at the 
zero of the division, the needle being quite parallel with the 
wires, and, at the same time, in the magnetic meridian. 
We then pass the current through the wire of the multiplier. 
The necdle is deviated ; and we turn the transom that carrics 
the multiplier until the wire of the lens coincides with the 
index-line : the division traced upon the fixed circle indicates 
the number of degrees it was necessary to turn it from the 
0°, in order to obtain this coincidence. This is the exact 
measure of the deviation of the needle, namely, the angle 
that it forms with the magnetic meridian. But, in this new 
direction, the needle has preserved the same position in 
respect to the wires of the multiplier; that is to say, in 
respect to the current, which consequently acts upon it in the 
same manner, The amplitude, therefore, of the deviation of 
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the ncedle can depend only upon the intensity of the current. 
The forces between which equilibrium is established, and 
which consequently are equal, are thus, on the one hand, 
that of the current, on the other hand, the directive force of 
the carth, which tends to bring the needle back to the 
meridian from which the former had removed it. Now the 
latter being proportional, as we have seen, to the sine of the 
angle of deviation, the former, that is to say, the intensity of 
the current, is the same also. By means of this instrument, 
therefore, taking care to operate with precision in each case, 
we may determine with accuracy the relations of intensity 
existing between the different currents that are transmitted 
through the wire of the multiplier. 

We may, as may be imagined, give the sine galvanometer 
various degrees of sensibility, either by bringing the wire 
nearer to or farther from the ncedle, or by increasing or 
diminishing the number of convolutions; we may even cause 
the wire to make but a single turn. It is convenient to 
have multipliers fulfilling these divers conditions, which may 
all be fixed in the same manner upon the movable transom, 
and in the interior of which the same needle may be placed. 
It is necessary to take every precaution in the fabrication 
and the magnetisation of this ncedle, which should be a good 
compass-needle without consecutive poles. 

The tangent galvanometer (Fig. 137.) consists of a large 
circle, open within, of from fifteen to twenty inches in dia- 
meter, provided with an exterior groove not more than 3 in. 
wide, wherein a wire is placed, or, which is better still, a 
copper ribbon covered with silk, and which is made to have 
one or several convolutions around the circle. The two ex- 
tremities of the wire or the ribbon, being bent back very 
ncar to each other, are prolonged below in the direction of 
the vertical diameter, so as each to plunge into a cup filled 
with metcury, in order that the transmission of the current 
may s0 be brought about. The circle, whose circumference 
is traversed by the current, is fixed vertically upon a divided 
and horizontal circle, the centre of which coincides with its 
own; this circle is intended for measuring the deviations of a 
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magnetised necdle, moving around the same centre, and sus- 
pended either by means of a silk 
thread without torsion, or by means 
of a cap resting upon a point. Great 
care must be taken that the centre 
of the needle is exactly in the centre 
of the vertical circle, so that the de- 
viation of the needle coincides with 
the plane of the current when the 
latter is exactly in the magnetic me- 
ridian; a position which we com- 
mence by giving it when we desire 
to make use of the instrument. We 
should add that it is necessary for 
the length of the magnetised needle 
to be as short as possible, in relation 
to the radius of the circle, which does not prevent its being 
powerfully magnetised; but, as it is important to be able to 
estimate very small fractions of degrees, we fix transversely 
to the magnetised needle a long and very light copper necdle, 
the extremities of which traverse the divisions of the azi- 
muthal circle. It is important that the apparatus be con- 
structed with great precision ; for an error of a few fractions 
of degrees, especially when the deviation is considerable, would 
introduce a very great one into the appreciation of the in- 
tensity. In order to be sure that this condition is well 
fulfilled, it is necessary to prove that the deviations indicated 
by the two extremities of the copper necdle are always and 
every where equal to each other, and that, when passing the 
same current, sometimes in one direction, sometimes in the 
other, the deviations that are obtained, one in one direction, 
the other in the other, are also quite equal. 

When different currents are transmitted through the ribbon 
or the wire that is wound around a circle, they produce a 
deviation of the magnetised needle, the character of which 
indicates their direction, at the same time that their relative 
intensities are proportional to the tangents of the angles of 
deviation. In fact, for each deviation, when it is constant, 
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there is an equilibrium or an equality between two forces, 
one of which is the directive force of terrestrial magnetism, 
which is proportional to the sine of the angles of deviation, 
and the other the force of the circular current, which is pro- 
portional to the co-sine of this same angle. This, in fact, is 
very easy of proof, by remarking that the needle, being very 
small in respect to the circular current, we may consider the 
latter as exercising its action only upon the centre of the 
needle, that is to say, in Ampère’s theory, upon a current 
that is the resultant of all those whose assemblage constitutes 
the needle. Now by supposing that the angle of deviation 
described by the needle under the action of a current is t, the 
force which tends to bring it back into the magnetic meridian, 
and which produces equilibrium to the deviating action of the 
current, would be f sine 1, f being the force of terrestrial 
magnetism for the angle whose sine is 1, namely, for the 
angle of 90°. On the other hand, if F represents the action of 
the current upon the ncedle when the latter is placed parallel 
to the current, this force will become F co-sine t, when the 
needle makes an angle : with the direction of the current ; 
for F co-sine à is the component of F acting under the angle & 
F co-sine à therefore is the expression of the component of the 
deviating force of the current upon the necdle, when the angle 
of deviation is 1; it is consequently equal to f sine à, since it 
makes equilibriumwithit. From F co-sine if sine i, we deduce 
sine À 
F=j co-sine 1 
in the place where the observation was made, because it is 
the directive force of the earth; therefore F, or the force of 
the current, is proportional to the tangent of i, or of the 
angle of deviation. 

À galvanometer that also gives very well the relations 
between the intensities of different currents that it transmits, 
is Ritchie’s torsion galranometer (Fig. 138.) It is a true 
torsion balance, in which the magnetised needle, when it is 
at 0° of torsion, is situated at once in the magnetic meridian, 
and in the mean plane of the frame, around which a silk- 
covered wire is wound, so as to make one or several turns. 





—=tang. à But f'is a constant quantity, at least 
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The magnctised needle is brought back by torsion to its 
normal position, when the cur- 
rent that traverses the wire 
draws it from this position; 80 
that it is still situated, both 
in the magnetic meridian, and 
in the same position with re- 
spect to the currents. It ne- 
cessarily follows that the in- 
tensities of the currents are 
proportional to the angles of 
torsion, which are requisite in 
each case to bring back the 
ncedle to its starting-point. 
Mr. Ritchie found that the ap- 
paratus was more sensible if 

Fig. 198. a thread of glass was substi- 
tuted for the torsion wire. 

Finally, M. Becquerel, in order to obtain an exact measure 
of electric currents, suggested the use of an apparatus which 
he termed the ekectro-dynamic balance (Fig. 139.). It consists 
of a sensitive steel balance, which can turn at about a 
hundredth of a grain. Below each of the pans is suspended a 
magnetised steel bar, by means of a silk thread; these two 
bars must be about th in. in diameter, and 3 inches long. 
They are magnetised to saturation, and their south pole is 
turned below, so that they may lose their magnetism less 
readily. Once in equilibrium, the two beams of the balance 
ought to turn at least by ;:th grain We take two glass 
tubes or bobbins; we wind around the tubes or bobbins a 
wire covered with silk, so as to make a greater or a less 
number of convolutions, as with galvanometers, according to 
the object in view. The two bobbins are fixed vertically 
upon small horizontal platforms, movable in two directions 
perpendicular to each other, by means of a thumb-screw, s0 
that we are able to centre them in respect to the bars beneath 
which they are placed. If the current traverses only one of 
the helices, the bar, and the side of the beam of the balance 
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with which it is connected, rises or falls according to the di- 
rection of this current. In order to increase the effect, we may 





Fig. 1939. 


pass the same current through the wire of the second helix, 
in such a direction that the second branch of the beam falls if 
the first rises, and reciprocally ; in other words, s0 that the 
movement of the beam is executed in the same direction : the 
actions that the two helices thus exercise upon the two bars, are 
necessarily added together. By means of weights placed in 
the raised scale, equilibrium is established, which brings back 
the currents and the magnets to the same respective position : 
we have therefore, in the quantity of weight requisite for 
establishing equilibrium, the exact expression of the intensity 
of each current ; or, rather, we deduce from the relations 
existing between these weights the relations that exist between 
the intensities of the currents. T'hus, to give an example, we 
passed into the two helices the current produced by two plates, 
the one zinc, the other copper, each having £ sq. in. of surface, 
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and immersed in about 154 grains of distilled water. The 
balance turned, and it required a weight of 4 grain to 
establish equilibrium: without making any change in the 
apparatus, we plunged into the water the end of a tube 
moistened with sulphuric acid ; and it then required a weight 
of 3 grain to establish equilibrium, which, on taking the 
relation between the two weights, indicates that the second 
current was about fourteen times stronger than the first We 
shall have occasion hercafter to return to several interesting 
experiments made by M. Becquerel with his electro-magnetic 
balance. We may add that this instrument can also be used 
as a differential galvanometer, providing that the two bobbins 
and the two magnets are perfectly similar to cach other. It 
rests, as may be seen, upon a simple and rigorous principle ; 
but it cannot be employed for the study of currents of feeble 
intensity, not being sufficiently sensible. 

To sum up: of the four instruments that may be employed 
for the measure of electric currents, the most convenient is 
the tangent galvanometer, because it gives its indication im- 
mediately ; for this we have merely to measure the angle of 
deviation. The sine galvanometer, the torsion galvanometer, 
and the electro-dynamic balance, all require that we should 
go through an operation of a certain length, in order to de- 
termine the quantity that is to give the measure of the current. 
This is a great inconvenience, especially when currents of 
variable intensity are in question, the force of which it is of 
importance to be able to determine in a given instant, and 
which is usually very short. But there are other cases in 
which this inconvenience does not exist, and, as they are nu- 
merous, it follows that the three other apparatus, especially 
the sine galvanometer, are, as we shall see, frequently used. 


Different Galvanometrie Processes. 


When the currents are very powerful, we may, in order to 
measure them, content ourselves with passing them suc- 
cessively through a long vertical conductor, and making a 
proof needle always oscillate at the same distance. In the 
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number of oscillations executed in a given time, we have an 
exact measure of the force of the current according to the 
formula of the pendulum. We may also, especially when we 
are engaged in appreciating the relative intensities of electric 
discharges or instantaneous currents, make use of the mag- 
netisation of small necdles produced by these discharges, 
taking care to make the needles as similar as possible. We 
then determine the degrees of magnetisation that the needles 
have acquired, by counting the number of oscillations made 
by each of them under the influence of terrestrial magnetism. 
We shall not dilate further on these means of measuring, which. 
are processes and not instruments, and the description of 
which besides is naturally found most in place when we are 
called to make use of them. 

This last process, however, presents an advantage over those 
which serve as the basis of the construction of galvanometers, 
in that they are independent of the magnetic force of the 
needles or bars. This force may undoubtedly vary, and yet 
we regard it as constant. The best apparatus would there- 
fore be that in which there was no other force called into 
play than that of the current itself which we desire to 
measure, and perhaps also the magnetic force of the ter- 
restrial globe, which may, without sensible error, be regarded 
as constant in the same place. Thus, a galvapometer-multi- 
plier in which, instead of a magnetised needle, there should be 
a small bar of soft iron which the current itself that causes it 
to deviate would magnetise, might be usefully employed: it 
is true it would not be so sensible as the ordinary galva- 
nometer. We might also, in M. Becquerels electro-mag- 
netic balance, make use of bars of soft iron instead of 
imagnetised bars. In this case, we nced employ only one 
scale-pan, and by the wcights necessary to produce equili- 
brium, we should measure the force wherewith the scale-pan 
beneath which the soft iron rod is fixed, would tend to de- 
scend, by virtuc of the attraction exercised upon the soft iron 
by the current transmitted throughout the helix. Finally, we 
have already pointed out, in the Chapter devoted to magnetis- 
ation, the possibility of measuring the intensity of the current 
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by means of the greater or less flexion exercised upon a plate 
of soft iron by the current that is made to pass through the 
wire of a prismatic bobbin in the interior of which the plate 
is placed. We have also already described two pieces of ap- 
paratus, founded upon the attraction exercised upon soft iron 
by an electro-magnet, magnetised by the current that we are 
desirous of measuring. In one (Fig. 127.), it is by the number 
of the oscillations of a balance-wheel ; in the other (#ig. 126.), 
by the note given out by a little spring, from which we esti- 
mate the number of times that the piece of soft iron has been 
attracted by the electro-magnet, and consequently the force 
of the current, which is approximately proportional to this 
number. The greatest obstacle presented by the practical 
application of these different processes consists in the diff- 
culty that we experience of finding iron sufficiently soft to 
lose the whole of the magnetism that has been developed in it 
by the electric current, when this current ceases. The pre- 
paration of such a soft iron as this is not impossible, although 
it is very difficult We ought not, therefore, to despair of 
one day sceing this principle serve as the basis of a more 
perfect instrument than those we at present possess. 


Graduation of Galranometer-multiplirs. 


Up to this point, we have succeeded in finding in the gal- 
vanometer an instrument calculated to detect for us the 
presence of an electric current, to indicate to us its direction, 
and to furnish us with comparable results as to its intensity. 
But, in order that the indications of the instrument may have 
a signification, it is always necessary to have in view at least 
two currents, and to propose seeking their relation of intensity. 
In other words, the instrument is not graduated in this sense, 
in that it does not give immediately the relation existing be- 
tween any current with which we act upon it, and a current 
always the same, and of a determinate intensity, which serves 
as the point of comparison. We have used great endeavours 
thus to graduate galvanometers ; and, by turning our attention 
to the different sources of clectricity, we shall have occasion to 
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say a few words upon these experiments. But, independently 
of the difficulty of finding this perfectly constant current, we 
have been arrested by obstacles inherent in the very nature 
of the question itself. In fact, a galvanometer graduated in 
this manner, may be employed with sufficient accuracy to the 
appreciation of the relative intensity of currents, arising from 
a source similar to, but merely more or less energetic than the 
current which had been employed in graduatingit. But as soon 
as we are concerned in currents arising from another source, 
or even simply engendered under other circumstaces, the in- 
strument will no longer give comparable results, and will 
even risk the giving erroneous ones. Thus, if we have gra- 
duated in the same manner, and taking as the term of com- 
parison the same constant current, two galvanometers, the 
onc with a short and thick wire, the other with a long and 
fine wire, it may thus very well happen that any current 
transmitted successively through each of these two galva- 
nometers may not only appear more feeble with one than 
with the other, but even, when judged of by one, may seem 
of a less intensity, and by the other, of a greater intensity 
than that of the current that has been employed for the gra- 
duation. 

Thus the galvanometer-multiplier, even of the most per- 
fect kind, must be considered only as an instrument fitted 
for giving the relations of intensities between currents of a 
similar origin, or which, when arising from the same origin, 
are subjected to modifications whose influence upon their 
energy we desire to appreciate. Therefore is it indispensable 
to have several galvanometers with wires of different lengths, 
so as in each case to be able to apply that which is best 
suited to the species of current that we are studying, at least 
so far as we are able to determine à priori, which is not 
always equally easy. We shall study further on the means 
by which they may be compared together in reducing them 
to conditions as similar as possible, means altogether inde- 
pendent of the galvanometer itself, that is employed for this 
comparison. 
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Very Sensitive (ralvanometers. 


In a recent work on Electro-Physiology, M. Dubois Rey- 
mond, of Berlin, has very closely studied the astatic ncedle 
galvanometer, and the means of augmenting the sensibility 
of this instrument to the highest degree, for the detection and 
the study of very feeble currents. He analysed with great 
care the causes of the irregularities that are presented by very 
delicate galvanometers, and which frequently rendered the 
employment of them both difficult and uncertain ; and he has 
then described the means of reconciling the fidelity of the in- 
dications with the sensibility of the apparatus. 

M. Dubois Reymond remarks, first, that the axes of the 
needles never being rigorously parallel, either on account of 
an irregularity in the magnetisation, or in consequence of a 
defect in the suspension, it follows that the system is never in 
the meridian, and that it deviates from it the more as it is 
more completely astatic. He was also led to perceive, that, 
if the magnetism of the stronger needle is diminished, so as 
to render the system of the two necdles more and more 
astatic, the result is, that it at last places itself perpendicularly 
to the magnetic meridian, being the case in which the instru- 
ment attains its maximum of sensibility. 

A second cause of irregularity is the magnetism of the 
galvanometer wire, probably due to the presence of a small 
quantity of iron in this wire. It follows from this, that the 
position of the needle, in respect to the spirals of the wire, 
exercises an influence over the direction in which it places 
itself. Thus, the needle being fixed in equilibrium, at a certain 
distance from the zero of graduation, if the frame is made to 
turn, so that the zero travels towards the side of the needle, 
the latter seems at first to recede; but, in fact, it becomes less 
displaced than the frame has been, and, consequently, its 
distance from the zero diminishes. However, it is not possible 
to bring it back exactly to zero; but this distance may be 
reduced to a minimum. If this minimum is exceeded, the 
needle goes rapidly towards zero, passes beyond it, and places 
itself in equilibrium, at a certain distance from the other side. 
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In some rare cases, the needle has a position of stable equili- 
brium at zero itself; but the position of equilibrium is gene- 
rally unstable between the two positions of stable equili- 
brium that are on the two sides of zero. M. Nobili, who 
had already observed these effects, showed that they were a 
consequence of the attractive actions of the two parcels of the 
galvanometer wire upon the system of the two needles; 
actions which are concordant, notwithstanding the inverse 
position of the poles, because the wires act like a magnetic 
body, such as soft iron, and not like a magnetised body. 

The combination of these two causes of irregularity gives 
rise to various results, which may be determined by calcu- 
lation, and which vary according as the system of the two 
needles is less or more astatic; because the part played by 
terrestrial magnetism becomes thus more or less important, 

Different processes of correction had been devised for 
banishing, or at least diminishing, these causes of perturba- 
tions. Kleiner proposed the employment of small masses of 
copper, placed in the interval, #y which the two parcels of 
the galvanometer wire are separated, s0 as to neutralise the 
disturbing attraction of the latter. Nobili compensated the 
attraction of the galvanometer wire by that of a magnetised 
bar placed at a distance. M. Dubois Reymond has perfected 
this latter process, the inconvenience of which was, that the 
magnet exercised its action almost with the same energy in all 
positions of the needle. In the place of this magnet, he sub- 
stituted a small magnetised fragment only + in. in length, 
placed in the interior of the galvanometer facing the zero. 
The action of this small magnet is only sensible so long as the 
needle is near zero; and it then compensates the disturbing 
actions. But as soon as the distance is a few degrees, when 
the compensation ceases to be necessary, its action becomes 
almost entirely null. 

Upon this principle, and by taking many precautions, he 
constructed a galvanometer of 27,000 turns, as remarkable 
for its accuracy as for its sensibility. We shall see further 
on how, with this instrument, he detected the existence of 
electric currents in nerves and in muscles. 


CHAP. Y. ELECTRO-DYNAMIC INDUCTION. 347 


CHAP. V. 


ELECTRO-DYNAMIC INDUCTION. 


Magnetism by Rotation. 


WE owe to M. Arago the first experiment, which showed that 
motion is a means of developing magnetism or electric cur- 
rents in all bodies We must not confound this action with 
what had been discovered by Coulomb, namely, that magnets 
are capable of acting upon all bodies generally in the same 
manner, except in regard to intensity, as they act upon iron. 
This species of action will be the subject of the following 
Chapter. The phenomena, with which we are engaged in the 
present, are those to which motion gives rise, that is to say, 
the change of place of the cause that acts, in relation to the 
body, upon which it acts. The term magnetism by rotation is 
applied to the form under which M. Arago first made manifest 
this class of phenomena. 

Having oscillated a magnetised needle, freely suspended in 
a circular copper cage, the bottom and sides of which were 
very near the needle, M. Arago remarked that the oscillations 
of the needle rapidly diminished in extent, and very quickly 
ceased, as if the medium in which they were being produced 
had become more resistant. Furthermore, the neighbourhood 
of the copper exercised no other influence than upon the am- 
plitude, and not upon the duration of the oscillations, which 
are accomplished in exactly the same time as in the free air. 
By making the needle oscillate above planes of different 
natures, and at variable distances from the same plane, M. 
Arago became satisfied that distance considerably diminished 
the intensity of the effect, and that metals acted with more 
energy than wood, glass, &c. Mr. Seebeck, who repeated 
M. Arago’s experiment immediately after its discovery, ob- 
tained analogous results. Thus he found that if the needle 
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oscillated above a plane of marble, it was necessary that 
it should accomplish 112 oscillations, in order that the am- 
plitude should be reduced from 45° to 10°; whilst it only 
required 71 oscillations above a plate of zinc, and 62 above 
one of copper. Unfortunately, M. Seebeck’s experiments, not 
having been made with plates of the same dimensions, and in 
particular of the same thickness, the results are not comparable. 

After the first experiment that we have been relating, 
M. Arago conceived the idea of trying whether the plate, which 
possessed the property of diminishing the amplitude of the 
oscillations of a magnetised needle without altering their 
duration, would not draw the needle with it, when itself put 
in motion. This in fact is verified. 

We fix to a rotation apparatus, such as a table made for 
experiments on the centrifugal force, a copper disc about 12 
inches in diameter, and about ;* in. thick (Fig. 140.) ; above it, 





Fig. 140. 


and very near, we suspend, by a silk thread, without torsion, 
a magnetised needle, in such a manner that its point of sus- 
pension is exactly above the centre of the disc; care is taken 
to interpose between the disc and the needle a screen of glass 
or pasteboard, so that the agitation of the air resulting from 
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the motion impressed upon the disc may be without in- 
fluence upon the needle. The disc is put in rotation, and the 
needle is seen to deviate from its normal direction, in the 
direction of the movement impressed, and to make with the 
magnetic meridian a greater or less angle of deviation, ac- 
cording to the velocity of the rotation. If the movement 
becomes very rapid, the needle is finally drawn with it, and 
rotates with the disc itself. 

The force diminishes very rapidly with the distance of the 
needle from the disc, in a relation, as it appears, greater than 
the square; the angles of deviation within certain limits are 
proportional to the velocity. The power of the copper disc 
is considerably diminished by cutting slits in it in the di- 
rection of rays: these solutions of continuity, which in no 
degree alter the mass, exercise a great influence upon the 
intensity of the action. 

Independently of the preceding observations, M. Arago, by 
analysing the force called into play in these experiments, dis- 
covered that, from drawing or tangential to the disc which it is, 
it may become perpendicular to its plane, and even act in the 
same direction as its radü; which proves that the total force 
may be regarded as a resultant of three components, one per- 
pendicular to the radius of the disc, the second perpendicular 
to the plane of the disc, and the third parallel to its radii. 
We have already proved the existence of the first in the fun- 
damental experiment. In order to prove the existence of the 
second, we have merely to place a magnet vertically above, 
and very near to the disc, which is easily accomplished by 
suspending it to the scale-pan of the balance. Immediately 
that the disc is in motion, the scale-pan rises, which proves 
that the vertical magnet is repelled by the disc, and the 
weight necessary to be placed in the scale-pan, in order to 
reestablish equilibrium, indicates the energy of this repulsion. 
With regard to the third component, its existence is demon- 
strated by placing vertically over the disc a needle, movable, 
like the dipping needle, around a horizontal axis, and in such 
a manner that this axis is perpendicular to the radius of the 
disc. If the needle is over the centre, it experiences no 
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action, neither does it experience any if it is situated over a 
point nearer to the edge than to the centre of the disc, namely, 
at a distance from the centre equal to about two-thirds of the 
radius. But between this point and the centre, the lower 
pole of the needle is constantly attracted towards the centre; 
beyond this point, namely, between this point and the edge, 
the pole is attracted towards the edge. 

Whilst M. Arago was analysing, as we have just seen, the 
force that he had discovered, MM. Babbage and Herschel, 
Harris, Barlow, and others, endeavoured to study the causes 
which may make the intensity vary and may modify it. 
MM. Babbage and Herschel had repeated M. Arago’s ex- 
periment by inverting it They had found that discs of 
copper or other substances, when freely suspended over a 
horse-shoe magnet put into rotation, turned in the same 
direction as the magnet, with a movement at first slow, but 
whose rapidity gradually increased. The magnet was s0 
arranged as to be able to receive a rapid movement around its 
symmetrical axis, placed vertically with the poles upward. 
The movement of the disc changed in direction with that of 
the magnet. The interposition of plates of glass and of non- 
magnetic metallic plates in no degree modified the effects : 
it was not the same when the interposed plates were of iron; 
the action was then extremely reduced, or even entirely an- 
nibilated, when there were two plates one above the other. 

By subjecting to experiment discs of the same diameter 
but of various natures, the two philosophers found great 
differences between these discs with regard to their faculty of 
being drawn onward by the magnet in rotation, although the 
velocity of the movement impressed and their distance from 
the magnet were the same. Thus, zinc and copper appear in 
this respect to possess an energy four times more powerful 
than lead, and a hundred times more powerful than antimony. 
But the discs unfortunately were not all of the same thick- 
ness, whica renders the results of the experiments but little 
comparable as, within certain limits, thickness exercises a 
marked influence over the intensity of the phenomena. Itis 
probably to this cause that we must attribute the little power 
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that MM. Babbage and Herschel had found in gold. On 
the other hand, they did not obtain any effect with wood, 
glass, resin, sulphur, and sulphuric acid. 

These two philosophers verified the accuracy of M. Arago's 
observations on the influence of solutions of continuity, either 
parallel or total, in the masses subjected to experiment. 
Thus, a light disc of copper, suspended at a given distance 
above a magnet, executed its revolutions in 55”. When cut 
in eight places, in the direction of a radius near the centre, 
it required, under these circumstances, 121” to execute the 
same number of revolutions. But the cut parts having been 
soldered in again with tin, the primitive effect was almost 
entirely re-established ; in such sort, that the disc was able to 
make its six revolutions in 57”; that is, almost in the same 
time as when it had not been cut. The same effects were in 
a similar manner obtained with the other metals, employed 
either as discs or solderings We shall soon see that all 
these results, as well as the cffects themselves, of magnetism 
by rotation, are very readily explained by the presence of 
electric currents, that are determined in the disc by its 
vicinity to a magnet, and the circulation of which is pre- 
vented when there are solutions of continuity in the con- 
ducting body. Thus no action is obtained when we rotate in 
relation to each other two discs of any kind, or a piece of 
soft iron or non-magnetised steel, and a disc of metal. It 
is absolutely necessary that one of the bodies in motion shall 
be a magnet. 

Sir W. Harris, who made a great number of experiments 
on the same subject, not only found great differences between 
bodies with regard to the faculty they possess of drawing 
onward the needle, but also with regard to the property they 
pnssess of intercepting this action. He recognised that iron, 
and magnetic substances generally are not the only ones that 
are thus able to arrest the effect of magnetism by rotation. 
Only it is necessary to give a very great thickness (from 
3 to 5 in.) to the plates of non-magnetic substances, such as 
copper, silver, and zinc, in order that, when interposed, they 
may arrest the action of a magnet in motion upon a movable 
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disc, and reciprocally. Finally, as it results from numerous 
experiments, Mr. Christie succecded, as we shall see, in de- 
ducing from the force with which different substances draw 
along the magnetised needle in their rotatory movement, the 
conducting power of these substances for electricity. 

But one of the most important facts is due to MM. Ampère 
and Colladon, who found that, in all the experiments on 
magnetism by rotation, the place of the magnet might be 
supplied by a helix, through which was transmitted an 
electric current ; thus establishing a new analogy between a 
magnet and an assemblage of electric currents, circulating all 
in the same direction, in closed circuits parallel to each other, 
transversely to an axis. The helix traversed by a powerful 
electric current was movable, and a copper disc, in rotation 
beneath it, drew it along with it as it would have drawn 
along a magnetised ncedle. 

Very numerous experiments have been also made with 
discs of iron and steel, and with solid and hollow iron spheres. 
When the iron is very soft, the results are greatly similar to 
those that are obtained with other metals, only they are more 
energetic; but a steel disc does not produce any appreciable 
effect upon the magnetiscd needle, which, after a few irregular 
oscillations, remains in its position of equilibrium. M. de 
Haldat, to whom we owe these observations, concludes from 
them, that the drawing force is for magnetic bodies in inverse 
ratio to the coercitive force. We shall sce further on that 
this conclusion cannot be admitted, the phenomenon not being 
a magnetic phenomenon, properly s0 called, but an electric 
phenomenon. | 

Mr. Barlow studied in detail the influence that is exercised 
by an iron sphere in motion upon a magnetised needle. He 
took the precaution to neutralise, by the neighbourhood of a 
fixed magnet suitably placed, the influence of terrestrial mag- 
netism upon this needle. The latter was placed sometimes 
tangentially to the iron sphere, sometimes parallel to its 
axis of rotation, which axis itself, from the construction of 
the apparatus, might have different directions. According to 
the direction in which the sphere rotated, either the north or 
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the south pole of the needle was seen to recede from it; the 
repulsion exercised upon either of the poles depended also 
upon the part of the iron sphere towards which the needle was 
placed ; in other words, the direction of the deviation of the 
needle changed according as it was placed on the south or on 
the north of the moving sphere. All these effects are evi- 
dently due to the combined influence exercised upon the iron 
globe, both of terrestrial magnetism, and of the magnetised 
needle placed in its neighbourhood. It would have been 
curious to have proved the influence of the first cause alone 
by putting a needle of soft iron in place of the magnetised 
needle. 

À very important point, that was established by Mr. Bar- 
low, is the great difference in the action exercised by an iron 
sphere according as it is solid or hollow. This difference is 
completely null when the globe and the magnetised needle are 
at rest, which arises, as we have said, from the ordinary 
magnetic force being entirely concentrated upon the surface ; 
but as soon as there is motion this ceases to be the case. 
Thus, under the same circumstances, and by employing the 
same needle, a solid iron cannon-ball, making 640 turns per 
minute, and weïighing 68 pounds, and being 7‘87 in. in 
diameter, determined a constant deviation of 28° 24’; whilst 
a hollow ball of the same diameter, but weighing one-half 
less, determined a deviation of only 15° 5. These two 
numbers are the mean of many experiments made with great 
care. 

M. Poisson, who had already submitted to mathematical 
anal ysis the labours of Coulomb upon magnetism, endeavoured 
to explain by the same theory the phenomena of magnetism 
by rotation. Attributing all magnetic phenomena to two 
imponderable fluids subjected to the general laws of equili- 
brium and of motion, which attract and repel each other in 
the inverse ratio of the square of the distance, he established 
that the great difference existing between these fluids and 
those to which electric actions are due, is, that the latter are 
able to pass from one molecule to another; whilst the mag- 
netic fluids, during magnetisation, undergo only feeble dis- 
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placements, which are not directly appreciable. M. Poisson 
gave the name of “ magnetic elements ” to these small portions 
of bodies, in which the south and north magnetic fluids are 
able to move, and which are separated from each other by 
intervals impermeable to the magnetism. All bodies are 
susceptible of having their natural magnetism decomposed ; 
but more or less easily according to their coercitive force. 
It is to this force, which is insensible in some bodies, that 
M. Poisson attributes the difference existing between them 
with regard to the actions they exercise according as they are 
in rest or in motion. In the state of rest, bodies whose coer- 
citive force is null should not exercise any sensible action 
upon the magnetised needle, or, at least, should exercise only 
a very feeble action ; but, in the state of motion, calculation 
demonstrates that things are not the same. M. Poisson also 
succeeded in determining in this case à priori the existence 
of the three components that M. Arago had discovered by 
experiment. 

However, the theory that serves as the basis to M. Poisson's 
calculations was overthrown by the subsequent discoveries of 
Mr. Faraday, which give an entirely different explanation to 
the phenomena of magnetism by rotation. So that we will 
not detain ourselves with them longer, merely remarking that 
mathematical analysis may be further consulted usefully by 
those who, by resting on hypotheses different from those 
which serve for M. Poisson’s starting-point, would submit 
them to the proof of calculation. We shall therefore now 
pass on to the phenomena of induction, with which Faraday 
enriched the science in 1832; and in which, as we shall see, 
are naturally included those of magnetism by rotation. 


Production of Induced Currents and Explanation of Magnetism 
by KHotation. 


In 1832, Faraday discovered .that an electric current or a 
magnet is able by induction to develope at a distance elec- 
tric currents in a conducting wire; just as a body, charged 
with static electricity, electrises an insulated conductor by 
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induction, The following is the mode by which this re- 
markable result is obtained. 

We wind round a wooden cylinder two silk-covered wires, 
80 as to make two perfectly similar helices, and the spirals of 
which are parallel, and as near to each other as possible 
(Fig. 141.) The two ends of one of the wires are made to 





eommunicate with a galvanometer, and the two ends of the 
other with the two poles of a pile. At the moment when this 
latter communication is established, the first having been 
established previously, the needle of the galvanometer is seen 
to deviate; but this deviation immediately ceases, even though 
the current of the pile continues to circulate. As soon as this 
current is interrupted, the needle of the galvanometer a second 
time experiences a sudden and non-permanent deviation ; but 
this deviation occurs in a contrary direction to that in which 
the former had occurred. Thus the voltaic current that tra- 
verses one of the wires determines in the other an instan- 
taneous current, at the moment when it commences to pass, 
and determines in it a second, at the moment when it ceases 
to pass. These two currents are called induced currents, and 
the current of the pile the inducing current; the induced 
currents, as we see, are instantaneous: let us further add 
that the former has a contrary direction to that of the inducing 
current, and the latter a similar direction. 

The experiment may be made under another form We 


4143 


356 MAGNETISM AND ELECTRO-DYNAMICS. PART III. 


wind round a wooden or glass tube a single silk-covered 
wire, the two ends of which are in communication with the 
wire of a galvanometer ; we then suddenly introduce into the 
tube an electro-dynamic cylinder, namely, a helix traversed 
by an electric current, and we then draw it out in the same 
manner. Àt the moment of the introduction, we obtain in 
the outer helix a current of induction, the movement of which 
is in a direction contrary to that of the current of the electro- 
dynamic cylinder; at the moment when we withdraw the 
cylinder we obtain a second induced current, the movement 
of which is in a direction the same as its own. In order 
that these two currents may be sensible, the electro-dynamic 
cylinder must be introduced and withdrawn very suddenly. 
This experiment, as may be readily seen, comes to the same 
thing as the preceding onc: in the latter, we possess the 
advantage of creating and destroying the electro-dynamic 
cylinder instantaneously by closing and opening the circuit ; 
whilst in the other we introduce it and withdraw it,—an 
operation which cannot be executed with so much rapidity. 
We shall see further on, that there results an essential dif- 
ference between the induced currents ; those which are pro- 
duced according to the latter mode having a duration in 
a slight degree sensible, whilst those that are produced 
according to the former mode are altogether instantaneous. 

Whatever may be the case, the two experiments equally 
prove that, when we suddenly bring near to a part of a 
conductor, forming a closed circuit, a conductor traversed 
by a current, we determine in the former an instantaneous 
current, moving in a direction contrary to that of the current 
brought near to it; and that, when we remove it, we de- 
termine a second instantaneous current, moving in the same 
direction as the current that is removed. 

The analogy existing between the properties of magnets 
and those of electro-dynamic cylinders, led Faraday to suppose 
that the same results would be obtained by introducing into 
the interior of the hollow helix of the second experiment a 
magnet instead of an elcctro-dynamic cylinder. This is what 
in fact happened. For this experiment we may employ the 
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double helix (Fig. 141.), by uniting the two wires by their 
corresponding ends ; or, if we prefer it, by using either one 
or the other of them. By introducing a magnet within the 
helix, we determine in its wire an instantaneous current, 
moving in a contrary direction to those which constitute the 
magnet in Ampère’s theory ; we determine another, in like 
manner instantaneous, but moving in the same direction as 
those of the magnet, at the moment when we withdraw it. 
These two induced currents, when the magnetised bar is 
tolerably energetic, are much more intense than are those 
produced by inducing currents. In order to increase their 
force, the magnet must be introduced and withdrawn as 
suddenly as possible. We may in like manner employ another 
process, which is more convenient and more certain. It 
consists in introducing a bar of very soft iron into the in- 
terior of a helix, whose two ends are in communication with 
the galvanometer. By means of a horse-shoe magnet, or the 
opposite poles of two magnetised bars, we suddenly magnetise 
the soft iron; we immediately obtain the first induced current ; 
it is, in fact, as if we had introduced a magnetised bar into 
the interior of the helix. We remove this horse-shoe magnet, 
or the magnetised bars; the soft iron cylinder is immediately 
demagnetised, and the second current of induction appears ; 
it is the same as if we had removed the magnetised bar from 
the interior of the helix. 

Finally, by making the experiment with the double helix, 
according to the mode first pointed out, but by introducing 
into the interior a soft iron cylinder, we may obtain a still 
more considerable effect. In fact, the current that traverses 
one of the helices, at the moment when it is established, not 
only determines a current of induction in the other, but at 
the same time magnetises the soft iron, which for this same 
reason also determines in it a current in the same direction, 
and much more powerful. In like manner, when the current 
ceases to pass, the soft iron being demagnetised, there is a 
development of a second induced current, which is also added 
to that resulting from the direct effect of the inducing current. 

À very difficult question for solution here presents itself ; 
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namely, to know what is the state of the induced conducting 
wire whilst it is under the influence of the inducing current 
or of the magnet. It would seem that this is not a natural 
state, since at the moment when the influence ceases the wire 
gives rise to a current while passing back to its natural state ; 
on the other hand, the wire, whilst this influence lasts, does 
not manifest any current or any particular property, either 
electric, magnetic, or of any other character.  Faraday 
termed this particular condition electro-tonic. We shall see 
further on that Faraday was led, by fresh researches, to 
renounce this supposition of the electro-tonic state in the 
wire ; and to admit that the second induced current is due, 
like the former, to a particular and immediate action, and is 
not simply the effect of the return of the wire to its natural 
state, — a state which has not ceased to exist. 

The intensity of the induced current depends on many 
circumstances : first, on the length and diameter of the wires 
of the helices, then on the energy of the inducing current or 
the strength of the magnet. We can give no precise rule on 
either of these points. In general, it is advantageous to take 
very long wires, and even to add several helices end to end 
one after the other; but then, if we are not producing the in- 
duction with a magnet, it is necessary to employ an inducing 
current, arising from a pile of a great many pairs. More- 
over, these data vary with the nature of the effects, and 
consequently with that of the conductors, that the induced 
currents are called upon to traverse; and also with the length 
and the diameter of the wire of the galvanometer, that is em- 
ployed for detecting these currents. 

Hitherto, in order to produce the phenomena of induction 
by electric currents, we have made use of two conductors, 
the one intended for conducting the inducing current, and the 
other in which the induced current is developed, under the 
influence of the former. Experiment has shown that the 
phenomenon of induction may be manifested with a single 
conductor, in which the inducing current is transmitted and 
at the same time the induced current is perceived ; it is this 
particular form of induction that is termed induction of a 
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current upon itself. As early as 1832, Mr. Henry, of Prince- 
town in America, had observed that, when the poles of a 
small battery are united by a copper wire by means of two 
capsules filled with mercury, a brilliant spark is obtained at 
the moment when the circuit is broken, by raising one of the 
ends of the copper wire out of the mercury, but only if this 
wire has a length of from twelve to fourteen yards; if the 
length is only twelve or fourteen inches there is no spark. 
The effect is greatly increased by coiling the copper wire into 
the form of a helix. Mr. Jenkins also, on his part, remarked 
that, when the two plates of a simple electro-motor, that is to 
say, of a simple pair, are connected by means of a wire wound 
as a helix around a soft iron cylinder, a shock is experienced 
every time the circuit is interrupted, when the two ex- 
tremities of the wire are held one in each hand: at the same 
time, a brilliant spark is observed at the point where the 
circuit is broken. No effect is obtained under the same 
circumstances, if we use merely a copper wire to complete 
the communication between the two plates of the pair. 
Faraday, as it results from a long experimental study of 
this particular point, succeeded in showing that, at the moment 
when we interrupt the circuit of a single pair formed by a 
long copper wire, an extra-current is produced in this wire, 
which may be directly perceived by soldering to each end of the 
wire an appendix or plate of copper, and connecting these two 
plates by various conductors. A fine platinum wire is made 
red-hot and melted ; water is decomposed ; the magnetised 
needle is deviated by means of the current transmitted be- 
tween the two appendices. If the conductor by which they 
are connected is imperfect, the spark is then very brilliant at 
the point where the circuit is interrupted ; it is, on the con- 
trary, null if it is perfect: this is because, in the former case, 
the extra-current, developed in the long wire that unites the 
poles of the pile, accomplishes its circuit through the pile 
itself, since it cannot pass elsewhere; whilst in the latter it 
accomplishes it through the body by which the two appendices 
are connected, provided this body is found to be a good 
conductor. This extra current may give rise to a spark 
AA 4 
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between the two appendices, when they are brought almost 
in contact, one near the other: when they are held in the 
hands, a shock is produced. 

The energy of the extra-current is much more decided 
when the wire, by which the two poles of the pile are united, 
is coiled into the form of a helix, and especially when this 
helix contains in its interior a cylinder of soft iron. This 
circumstance, joined to others besides, is a proof that this 
extra-current is truly a current of induction, with only this 
difference, that it is developed in the same conductor by which 
the inducing current is transmitted. The mutual action of the 
spirals upon each other, each of which serves at the same time 
as inducing body and induced body, — the influence of the soft 
iron, which, when magnetised by the inducing current, increases 
also the intensity of the induced current, —are altogether in 
accordance with all the conditions essential to induction, as 
well as is the direction itself of the extra-current, which may 
be appreciated either by chemical decomposition or by the gal- 
vanometric effect. This direction in fact is such, that in the 
circuit formed by the long wire that connects the plates of the 
pair, and by the conductor that connects the two appendices, 
the current moves in the long wire in the same direction ac- 
cording to which the current of the pair itself travelled. We 
must not forget that the induced current here in question is 
that which is produced at the moment when the circuit is 
interrupted, and not at the moment when it is established: 
now this current is always moving in the same direction as 
the inducing current. With regard to the first induced 
current, it cannot be perceived, since it circulates in the same 
circuit that transmits the current itself of the pair, and cannot 
be developed until this current is established, and consequently 
not until the circuit is closed. But, as it moves in a contrary 
direction, it diminishes for an instant the intensity of this pri- 
mitive current : we shall see, further on, that this diminution 
may become sensible, and we may thus detect, in a decided 
manner, the existence itself of the first induced current. 

À method of producing induction that we have not yet 
mentioned, is to employ terrestrial magnetism. Faraday, in 
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his beautiful researches on induction, was the first to demon- 
strate that induced currents, as we might have expected, may 
be developed by the magnetic force of the globe, even as 
they are developed by means of a magnet or by the influence 
of closed currents. 

The following is his fundamental experiment. We take a 
copper wire about 8 ft. long, and ,} in. im diameter ; we attach 
it by one of its ends to one of the extremities of the wire of a 
galvanometer-multiplier, and by the other end to the other 
extremity; we then give it the form of a rectangle, and place 
it perpendicular to the magnetic meridian, the lower side 
of it being interrupted by the wire of the galvanometer. The 
wire itself is so arranged that we can give the rectangle a 
movement of rotation around its lower side, or, which comes 
to the same thing, can describe around this side a surface 
cylindrical on the upper side. If it is made to traverse from 
the side of the west to that of the east, the needle of the 
galvanometer indicates the presence of an induced current 
directed from the south to the north ; if it is made to traverse 
from the east to the west, the induced current travels in the 
movable wire from north to south. The phenomenon is the 
same in all azimuths. There is only one case in which no 
effect is obtained ; it is when the movable part of the wire 
moves parallel to the direction of the dipping-needle ; but 
provided it be inclined in relation to this direction, there is a 
development of an induced current, and when it is perpen- 
dicular to it, this current is at its maximum of intensity. It 
is not essential to give the wire the form of a rectangle ; the 
same phenomena are observed by giving it the form of any 
closed curve, the plane of which is arranged in a similar 
manner to that of the rectangle. The Yonger the portion of 
the wire is, to which a movement is impressed, and the 
greater the space is that it is made to traverse, the more con- 
- siderable is the effect experienced by the galvanometer. 

It evidently follows from the phenomena we have been de- 
scribing, that the terrestrial globe acts for the production of 
induction as a powerful magnet would act, if placed in the 
interior of the globe in the direction of the dipping-needle, or 


362 MAGNETISM AND ELECTRO-DYNAMICS. PART NL 


as a girdle of electric currents moving in a direction from east 
to west around the magnetic equator. 

The first currents of induction that Faraday had obtained 
by the influence of terrestrial magnetism were manifested in a 
helix, the wire of which communicated by its two extremities 
with those of the galvanometer, and which was turned a greater 
or less number of times in the plane of the magnetic meridian. 
An iron bar introduced into the helix greatly augments the 
‘intensity of the effect; but, in this case, the induced current 
is not due to the direct action of terrestrial magnetism, but 
to that of the bar, which is itself magnetised by this mag- 
netism. 

The facility with which terrestrial magnetism is able to 
develope electric currents in bodies in movement, leads to a 
consequence which may appear extraordinary at the first 
moment; it is, that there is not a piece of metal which, being 
put in motion and remaining at the same time in contact with 
other conducting bodies in rest, or animated with different 
velocities, is not for this very reason traversed by electric 
currents. This must especially happen with the different 
pieces of a steam-engine in motion. Faraday succeeded by 
simply impressing a rotatory motion upon a horizontal disc of 
copper, and consequently inclined it nearly 70° to the dipping- 
needle in obtaining currents of induction which were always 
directed from the centre to the circumference, or from the 
circumference to the centre, according to the direction of the 
rotation. În order to perceive this current, care was taken 
to place one of the extremities of the galvanometer in com- 
munication with the axis, and the other with the circumference 
of the disc. No effect occurred when the disc rotated in the 
plane of the magnetic meridian, or in any other plane passing 
through the line of the dip; but as soon as the plane in which 
it was situated was inclined only a very small angle to this 
direction, the rotation immediately gave rise to a current 
which, for a constant velocity of rotation, had its maximum of 
intensity when this angle was 90°. With a copper globe 
arranged 80 that its axis of rotation is inclined to the direction 
of the dipping-needle, but remains in the plane of the magnetic 
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meridian, by giving it a rotatory movement about its axis, we 
obtain currents of induction which are sufficiently energetic 
to exercise immediately a deviation upon a magnetised needle 
brought near toit, without the intervention of a galvanometer 
being necessary. We take care to make use of an astatic 
needle, suspended to a very fine silk thread, and to place it in 
a bell glass, so as to protect it from the agitation of the air. 
We bring the astatic system near to the globe while in motion, 
80 that the upper needle is in the horizontal plane that passes 
through the centre of the globe; if it is on the east, and the 
globe moves from east to west, its north pole deviates to 
the east; it deviates to the west when the rotation occurs 
from west to east. The effects occur in an inverse direction, 
if the astatic system of the needles is transported to the west 
of the globe when in movement. 

The effects that are produced in a copper globe set in 
rotation are exactly of the same nature as those obtained by 
Mr. Barlow with an iron globe placed under the same cir- 
cumstances; which proves that the deviation exercised upon 
a magnetised needle by a sphere of iron when in motion is not 
due to magnetism, but to currents of induction developed by 
the induction of terrestrial magnetism,—a circumstance that 
establishes, as well in the cause as in the nature of the effects, 
a great difference between the action of an iron globe at rest 
and the action of an iron globe in motion. | 

On seeing terrestrial magnetism capable of producing by 
induction continuous currents in conducting bodies when in 
movement, whatever be their form, we are led to presume, 
with a certainty almost complete, that the action of magnets 
may produce the same. Thus, we find the explanation of the 
phenomena of magnetism by rotation by connecting them 
with the production of currents by induction. It is also to 
Faraday that we owe the verification of this conclusion. He 
first showed that a copper disc, when put in rotation around an 
axis in any plane, gives rise to electric currents when it is made 
to circulate s0 that its edge passes between the two opposite 
poles of two magnets, or of a horse-shoe magnet (Fig. 142.). 
The neighbourhood of a single pole is sufficient; but the 
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effect is less decided. One of the extremities of the gal- 
vanometer by which the current is detected, communicates 
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Fig. 142 


with the axis of the disc, and the other with its circumference, 
which is carefully amalgamated, in order to render the contact 
more perfect. The current produces upon the needle ofthe gal- 
vanometer a permanent deviation,thedirection and the intensity 
of which depend upon the direction and the rapidity of the 
rotation, all other circumstances remaining the same: s0 
long as the rotation is executed in the same direction, the 
current preserves the same direction, even though the point 
of the circumference that is touched with the conductor is on 
the left or the right of the part that passes near the pole, or 
is this part itself Only the intensity diminishes in proportion 
as it is more distant from it The two ends of the galvano- 
meter may be also put in communication with the edge of the 
disc: and currents are obtained the direction of which is de- 
termined according as one or other of the ends is nearer to 
the place where the poles of the magnet are situated. Ifthey 
are both at the same distance from this place, one on the left, 
the other on the right, the current is null; which is due 
to there being two equal and contrary currents that neutralise 
each other. 

Faraday obtained exactly the same effects on replacing the 
ordinary magnet by an electro-magnet, or even by a simple 
belix traversed by a current, but without an iron core in the 
interior. Every precaution had been taken that the results 
should not be influenced by terrestrial magnetism. It was 
easy to prove that this was the case by determining that there 
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was no longer any effect as soon as the magnet, the electro- 
magnet, or the helix, was withdrawn from the disc. 

The learned English philosopher endeavoured to establish 
a relation between the direction of the currents that he 
obtained in his experiments, and the direction of the lines of 
magnetic force or magnetic curves emanating from each of 
the poles of the magnet, the force and position of which are 
determined by the distribution of filings He concludes 
that, so long as the direction of the movement of the disc is 
the same, the relations of the position of the metal with the 
resultant of the magnetic force remaining also the same, the 
direction of the current ought not to vary; but that it ought 
consequently to change if the direction of the movement 
becomes the inverse of what it was. He succeeded in ex- 
plaining in a similar manner, by connecting them with the 
phenomena of the continuous movement of rotation of electric 
currents and magnets around each other, the different forms 
under which M. Arago discovered that the mutual action of 
discs and magnets in movement may be manifested. 

All the effects that are connected with the production of 
the currents of induction, as well in surfaces or metallic 
masses as in simple wires, appear to me explicable in a more 
simple manner by tracing them to the primitive law of in- 
duction discovered by Faraday himself, and by regarding 
magnets as Ampère did, as being an assemblage of currents 
all moving in the same direction, in planes perpendicular to 
the magnetic axis ; a consideration much better justified here, 
inasmuch as a similar assemblage of currents produces all the 
same phenomena as are obtained with a magnet. 

Let us first examine, under this aspect, Faraday’s expe- 
riment of the disc that rotates under the influence of a 
magnet, the pole of which is either above or beneath the 
surface. One of the ends of the galvanometer is in contact 
with the axis of the disc, and the other with the points of the 
circumference, which all pass at the same distance from the 
magnetic pole or poles. If these points have not yet passed 
near the pole, it is evident that, at the moment when they 
are approaching it, there is developed in the portion of the disc 
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to which they appertain, a current of induction parallel to that 
of the nearest face of the magnet, and moving in a contrary 
direction. This current, which traverses the length of the 
radius of the disc, completes its circuit by means of the wire 
of the galvanometer.  Ifthe points of the disc that successively 
touch the second end of the galvanometer are those which 
have already passed under the influence of the pole, the 
current of induction that travels and is collected in the same 
manner as that which was developed in the first case, is 
found to be moving in the same direction as the current 
situated on the face of the magnet, near to which the portion 
of the disc under consideration has just passed. But this 
face of the magnet has its currents moving in a contrary 
direction to the currents of the first face; since the currents 
that constitute the magnet circulate around its surface. It 
follows from this, that the current of induction of the first case 
having a contrary direction to that of the currents of the face 
of the magnet toward which it is tending, and the current of 
induction of the latter case having a similar direction to that 
of the currents of the face it has just quitted, these two 
currents travel in the same direction; since the currents of 
the two faces have an opposite direction. * 

When the two ends of the galvanometer each communicate 
with two portions of the circumference, situated on opposite 
sides of the magnetic pole, then the induced current that is 
detected by the wire of the instrument is no longer that 
which travels from the circumference of the disc to the 
centre, but that which is developed, parallel to the edge, by 
the influence of the currents of those faces of the magnet 
parallel to that edge which is the nearest to them. Now, 
this influence gives rise to two induced currents moving in a 
contrary direction: one in the part of the disc that tends 
towards the face of the magnet; the other in the part of the 
disc that is moving from it These two currents necessarily 
traverse the same circuit; a circuit formed of the part of the 
disc comprised between the two points of contact of its cir- 


* To be more brief, I have employed the word current for the part of the disc 
in which the current is travelling. 
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cumference with the two ends of the galvanometer, and of 
the wire itself of this instrument. If the two currents are 
equal, the effect is null. This occurs when the two points 
touched are in either direction equally distant from the point 
placed under the influence of the magnet. When the two 
points are unequally distant, the two currents are no longer 
equal, and there is an effect arising from their difference of 
intensity ; the one that is developed in the portion of the dise 
corresponding to the point that is nearest to the pole being 
always the stronger, because it is the nearer to the cause 
producing the induction. 

The details into which we have just entered, in order to 
explain Faraday’s two experiments, enable us to dispense with 
giving the description of many experiments of the same kind, 
made either by this philosopher himself or by others We 
shall simply confine ourselves to showing further how the 
same principles furnish a satisfactory explanation of Arago’s 
phenomena of rotation, Here the currents of induction, that 
are developed by the successive approach and removal of the 
magnet, accomplish their entire circuit in the disc itself, since 
there is no communication established by the wire of a galva- 
nometer or in any other manner; however, it is naturally 
always the portion of these currents, that is situated in the part 
of the disc nearest to the magnet, which determines the at- 
tractive or repulsive action. The three actions recognised by 
Arago occur, the one perpendicular to the radii of the dise, the 
second perpendicular to the disc itself, and the third in the 
direction itself of the radii. The first—that which draws 
along the needle—arises from the currents of induction that 
are determined in the disc itself, and parallel to its plane, by 
the lower face of the magnetised needle ; the currents, which 
move in a contrary direction to those of the needle in the 
points of the disc that are approaching toward it, repel it at 
the same time that it is attracted by the induced currents de- 
veloped in the points of the disc that are distant from it, and 
which travel in the same direction as its own current. This 
double action draws along the needle in the same direction as 
the disc, or draws along the disc in the same direction as the 
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poles of the magnet, if it is the latter that are set in mo- 
tion. 

The second kind of action, which consists in the repulsion 
exercised by the disc when in motion upon a vertical magnet 
suspended above it, arises from the repulsion that occurs 
between the currents of the magnet and the currents of in- 
duction moving in a contrary direction that are acquired by 
the part of the disc which is approaching it, from the very 
fact of its approaching it When once repulsion is brought 
about, the currents induced in the part of the disc that is 
moving away are no longer able, on account of their too 
great distance, to attract the magnet, although they are 
travelling in the same direction as its own currents; whilst 
the currents induced in the part of the disc that is approach- 
ing continue to repel it. The consequence of this explana- 
tion is, that if the magnet is suspended over the very centre 
of the rotation of the disc it must remain in rest; and this is 
actually confirmed by experiment. 

The third kind of action occurs in the direction of the 
radius of the disc, and is exercised upon a vertical needle 
movable around a horizontal axis, in a vertical plane, passing 
through the centre of rotation of the disc. If the needle is 
over the very centre, there is no effect, as in the preceding 
case, and the needle retains its vertical position: this is duc 
to the same cause, namely, to the currents induced in con- 
trary directions being equal in number and in intensity, and 
acting at the same distances When the needle is no longer 
placed above, but at a small distance from the centre, it is 
repelled toward this centre by the induced currents, developed 
in the exterior part of the disc, as it was formerly repelled 
vertically ; but if we remove it further from the centre, the 
currents induced in the interior part of the disc are no longer 
without effect ; they also repel it, and there exists a position in 
which, the two repulsions being equal, the needle acquires no 
movement. Beyond this position, namely, nearer to the cir- 
cumference, the needle is repelled far from the centre, because 
therc is a greater total surface, and consequently more repul- 
sive induced currents withinside than without. 

MM. Nobili and Antinoni succeeded in supporting the pre- 
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ceding explanations upon direct experiments, by which they 
established the presence in the disc of the induced currents to 
which we attribute the movements of the magnetised needle. 
With this view, they fixed to the two ends of a galvanometer 
two wires terminated by two conical metal points, sufficiently 
stout not to bend under the pressure of the fingers, which points 
they applied as probes on the different parts of the disc in 
motion, s0 as thus to seize upon the currents that pass 
under these points. It is not necessary, in order to insure 
communication, to press the points strongly against the disc ; 
by taking this precaution, we avoid the currents to which the 
liberation of heat would give rise, arising from friction under 
too powerful a pressure. The results of this species of probing 
carried out on different positions of the discs in relation to the 
magnets, constantly show that on the parts of the disc that are 
entering under the magnetic influence is developed a system of 
currents contrary to those of the magnet, and on the other 
side a system of currents having the same direction as those 
of the magnet, and consequently contrary to the former. 
With regard to the actual distribution of these currents, and 
the form of the circuit that they traverse on the disc, by 
multiplying the probes we are able to determine it with 
R greater or less precision. MM. 

Nobili and Antinoni endeavoured 
to accomplish this. Fig. 143. 
gives the graphical tracing of 
these currents upon a disc set in 
rotation under the action of the 
two poles of a powerful horse- 
shoe magnet placed symmetri- 
cally, and the projections of which 
are represented by N°’ and £’; the 
larger arrows indicate the direc- 
tion of the rotation of the disc 
ONES8, and the others the direc- 
tion of the currents in the different points where the probes 
are applied. | 
It is now an easy matter to comprehend the influence 
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Fig. 143. 
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over the phenomena of magnetism by rotation, arising from 
solutions of continuity in the disc. If they diminish the 
action more as they are more numerous, it is that they oppose 
the circulation of the currents of induction, and thus diminish 
their number and intensity; in fact, we have merely, as 
Herschel and Babbage observed, to fill up the slits of the disc 
with a conducting metal, in order to re-establish the in- 
terrupted circuits, and s0 to restore to the action almost the 
whole of its primitive energy. 

The differences of force observed by the philosophers that 
we have just named, between discs made of different metals, 
is equally well explained by the difference existing between 
them with regard to their conducting power, and consequently 
with regard to the greater or less degree of facility that they 
present to the circulation of the induced currents. Faraday 
confirmed this explanation by determining, in a direct manner, 
the force of the induced currents in wires of different kinds. 
With this view, he coiled together, so as to make a double 
helix, two wires of the same length and the same diameter, 
and both covered with silk, but one being of copper and the 
other of iron. He fixed the two extremities of the copper to 
the two ends of one of the wires of the differential galvano- 
meter (Fig. 135.), and the extremities of the iron wire to the 
two ends of the other wire of the same galvanometer; s0 
that, if the two wires are traversed by currents having the 
same direction, they make the needle deviate in the opposite 
direction; and that, consequently, the needle does not move 
waen the currents possess the same intensity. By introducing 
into the interior of the helix a cylindrical magnet, he obtained 
a deviation in the galvanometer; a deviation which was 
sensibly more powerful, but always in the same direction, 
when he had suppressed the communication of the helix of 
iron wire with the galvanometer wire; a proof that the 
current before this suppression was the difference between the 
current induced in the copper wire and the current induced 
in the iron wire, and that the former was much more powerful 
than the latter, Wires of iron, zinc, tin, lead, and copper, all 
drawn to the same diameter, were compared two and two in 
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the same manner ; only instead of introducing a magnet into 
the double helices, Faraday placed a soft iron cylinder, which 
he magnetised by means of a powerful horse-shoe magnet, 
that produced more marked effects, and amounted to the 
same thing, as far as the mode of experimenting is concerned. 
As the result of these comparisons, the metals were found to 
be ranged in the following order: copper, zinc, iron, tin, and 
lead. This is exactly their order of conducting power for 
electricity ; this is exactly, also, the order of their power of 
magnetic rotation according to the experiments of Babbage 
and Herschel. Those of Harris, also, give similar results. 
Iron alone forms an exception. This is because, in the phe- 
nomena of magnetism by rotation, it acts not only by the 
currents of indaction, but also in virtue of its own magnetic 
properties. It is this circumstance, also, that explains the 
difference discovered by M. de Haldat between the effect of a 
steel disc and that of an iron one; the former, with a very in- 
considerable velocity of rotation, exercising an effect almost 
null ; and the latter, on the contrary, acting very powerfully. 
In fact, the poles of the magnetised needle readily determine, 
upon the parts of the iron or steel discs, opposite poles, which 
draw them along by virtue of ordinary attraction ; but these 
poles, which aid for a moment the rotatory motion, being 
drawn further onward by the rotation itself, act upon the 
needle in a contrary direction. If they last for a brief space 
of time, as in soft iron, the rotatory movement, far from 
finding in them an opposition, receives from them a favourable 
impulse ; if they last longer, as upon steel, they retard the 
needle, and act in opposition to the rotation. Thus the coer- 
citive force does not, as M. de Haldat thought, influence in a 
direct manner the dragging force, but it acts simply by re- 
tarding in steel the destruction of the ordinary magnetism. 
With regard to the action of a very inferior order, and 
scarcely sensible, that discs made of non-conducting substances 
exercise upon the needle, it is evident that it cannot be ex- 
plained in the same manner as that of the metallic discs, 
since currents of induction cannot be established in them ; it 
is due to another order of phenomena, recently discovered by 
BB 2 
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Mr. Faraday, and which form the subject of the last Chapter 
of this Third Part. 


Magneto-electric Machines. 

We have just seen that magneto-electric induction is a 
remarkable source of dynamic electricity. We may there- 
fore take advantage of this in order to produce electric 
currents, as we use friction in the electrical machine for 
developing static electricity. 

The first magneto-electric machine was constructed by 
Faraday. It consists of a copper disc movable in a vertical 
plane around a horizontal axis, and made to rotate between 
the two apposite poles of a magnet (Fig. 144.) We have 
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seen that, if we make the two ends of the galvanometer wire 
communicate, one with the axis of the disc, and the other 
with a point of its circumference, the deviation of the needle, 
that occurs in one direction or the other according to the 
direction of the rotation, indicates the liberation of a constant 
current in the disc. But this current has very little inten- 
sity; it is incapable of producing chemical decomposition, 
shocks, &c. It is the same with the currents of induction to 
which terrestrial magnetism gives rise in metal discs or globes 
set in rotation under its influence. 

- In order to obtain induced currents of a somewhat decided 
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intensity, we must develope them in tolerably long wires in 
such a manner, that the conductor by which the ends of these 
wires are connected is sufficiently good, or at least is not 
much less good, than the wires themselves. It follows from 
this, that the current may traverse them instead of retro- 
grading by the wire itself in which the induction occurs. 
The first artist who constructed a machine on this principle is 
M. Pixiÿ A large horse-shoe magnet was set in rotation 
beneath a similar armature of soft iron, the two branches of 
which were surrounded by a silk-covered wire. Every time 
the poles of the magnet arrived under the armature and 
quitted it, there were induced currents developed in the 
wires ; and these currents were made manifest by the con- 
ductors that connected the two ends of these two wires. 
M. Pixii succeeded in producing, by means of his apparatus, 
chemical decompositions, shocks, the spark ; and he even suc- 
ceeded, by insulating the ends of the wire instead of uniting 
them, in charging a Leyden jar and the gold leaves of an 
electroscope by means of the electricity accumulated in each 
of them. 

This ingenious machine, which was rather inconvenient in 
actual use, was soon replaced by the much more portable 
apparatus of Saxton, modified and afterwards perfected by 
Clarke, Saxton’s apparatus (Fig. 145.) consists of a powerful 





Fig. 145. 


horse-shoe magnet fixed horizontally ; an armature of soft iron 
having the form of a horse-shoe, and each branch of which is 
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surrounded by a wire covered with silk, is set im rotation 
before the magnetic poles by means of a horizontal axis 
passing between the branches of the magnet, and which is 
itself moved by means of a wheel. An endless cord, passing 
at once round the circumference of the wheel and the groove 
of a pulley fixed on the axis by its centre, serves to commu- 
nicate motion. The two branches of the armature, which is 
fixed transversely to the extremity of the axis, are, for each 
turn of the wheel, both made to pass successively before the 
two poles of the magnet. At each passage there is mag- 
netisation and demagnetisation, and consequently a develop- 
ment in the ambient wire of two induced currents in contrary 
directions. Hence it follows, that in all there are four 
currents in each of the two wires for one complete rotation of 
the wheel. If we compare each induced current in one of 
the wires with the current induced in the other at the same 
instant, that is to say, at the instant of magnetisation or at the 
instant of demagnetisation, we shall remark that these cur- 
rents must be moving in contrary directions ; because the poles 
of the magnet, to whose influence they are owing, are of a con- 
trary name. In order that they may add to instead of neu- 
tralise each other, we must connect together the two ends of 
each of the wires whence the current seems to come out, and 
the two ends at which it seems at the same time to enter. 
These four ends, thus united two and two, present now only 
two extremities, which are like species of poles, and which are 
to be united by the body destined to be placed in the route of 
the induced currents. We may also unite together one of the 
extremities of one wire with the corresponding extremity of 
the other; so that the two wires shall form but a single one, 
traversed entirely by each of the induced currents developed 
in both wires. Ît is necessary that, in the same instant, the 
two currents simultaneously induced should have the same 
direction ; which is obtained by properly selecting the two 
extremities that are put in communication, and which we have 
called, in order to express this idea, correspondent. The two 
other extremities, that are not united together, form in this 
case the two poles. The difference presented by these two 
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arrangements consists in that, in the. former, there are two 
parallel circuits, the effects of which are added together ; and 
that, in the latter, we have but a single circuit of a double 
length, which propagates a double current of induction. The 
second circuit is evidently mnch less a conductor than the 
first, since it is composed of a single wire of a double length, 
instead of two wires of half the length; on which account it 
is preferable, when the currents of induction are intended to 
traverse imperfect conductors : the first is preferable in cases 
where the bodies that are placed in the course of these 
currents have a good conducting power. It is easy, with the 
same machine, to connect together the ends of the two wires 
according to one or other mode, and thus to be able, with 
one and the same apparatus, to obtain the various effects that 
would require two, one of which would be with a short and 
thick wire, and the other with a long and thin. 

In order to establish communication between thé two ex- 
tremities of the wires or poles, one is made to terminate in a - 
stem fixed on the prolongation of the axis, in the middle of 
the armature, and which moves with it, and the other in a 
small vèrtical metal disc, fixed by its centre to the same stem, 
which traverses it, but from which it is well insulated by 
means of a glass tube enveloping the stem. The disc con- 
stantly plunges by its lower part into a small mercury bath, 
which also receives successively the two points of a small 
brass needle, adjusted to the extremity of the stem, and com- 
municating metallically with it. The mercury thus establishes 
every time that, by the effect of the rotatory movement, one 
of the points plunges into it, a metallic communication between 
the two extremities or poles of the inductive wire. If care is 
taken s0 to arrange the needle that each of its points plunges 
into the mercury at the moment when the armature arrives 
before the poles of the magnet, it follows that the first current 
of induction occurs at the instant of immersion, and the second 
at the instant of the emersion of the needle. Thus this immer- 
sion and emersion are each accompanied by a spark produced 
by these two currents, and there are consequently manifested 
a series of brilliant sparks, forming as it were a continuous 
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light so long as the rotatorÿy movement is given to the ar- 
mature, 

When we wish to pass the series of induced currents 
through a conductor, we suppress the needle fixed trans- 
versely to the extremity of the axis of rotation, and we press 
against this extremity, which is cut hollow, the end termi- 
nating in a point of a small metal stem, firmly attached to 
one of the pieces of the apparatus, and the other end of which 
plunges into a cup filled with mercury. We place this 
cup, and the mercury into which the small disc constantly 
plunges, in communication by means of a conductor; and 
it consequently follows that the latter serves for the passage 
of the series of induced currents We must take care 
to amalgamate the bottom of the small hollow cavity at 
the extremity of the axis, in order that the communication, 
established between the bottom and the point against which it 
rubs in turning, may be entirely metallic, and consequently 
conducting. 

The effects of the induced currents are, with some few 
differences, the same as those of voltaic currents. Thus these 
currents heat, and even render incandescent, a very fine 
platinum wire placed in their course; they decompose the 
acidulated water of a voltameter ; they produce very violent 
shocks, and sometimes even very painful ones, to the person 
whose hands clasp the conductors, connected one with the 
mercury of the small cup, the other with the mercury in 
which the disc is plunged. In order that this effect may be 
very sensible, it is necessary that the part of the two con- 
ductors that is held in the hands should be in the form of 
a handle, and be slightly moistened with salt water. 

The currents that are obtained by means of the magneto- 
electrical machine differ from the ordinary currents of voltaic 
electricity in two respects: the first is that they are discon- 
tinuous ; the second, that they move alternately in opposite 
directions. It is to the former of these two circumstances, 
and not to the latter, that the remarkable intensity of the 
physiological effects are due ; for we may obtain the same 
result by rendering an ordinary voltaic current discontinuous 
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by means of a rheotome, which produces a series of discon- 
tinuous currents, it is true, like the currents of induction, but 
all moving in the same direction. The influence of the second 
circumstance is felt in chemical decompositions. Since the 
currents are moving alternately in one direction and in the 
other, and since consequently each wire serves alternately as 
the positive and as the negative pole, it follows that the gases 
collected around each of the platinum wires of the voltameter 
in the decomposition of the water are a mixture of hydrogen 
and oxygen. Ît even happens that, if the surface of the 
platinum in contact with the liquid is considerable, a great 
part of the hydrogen and oxygen that are transported there 
alternately by the effect of electro-chemical decomposition, 
combine together to form water. This phenomenon is espe 
cially manifested when the currents of induction succeed each 
other very rapidly, s0 that the appearance of the oxygen and 
that of the hydrogen, or each of the two platinum wires or 
plates, is almost simultaneous. This recomposition causes 
that the quantity of gas manifested in the voltameter is 
sometimes very trifling ; it may even become null if the re- 
composition is complete, even though the currents possess 
great power. This power is then made evident by interposing 
in the circuit one of the calorific. galvanometers that we have 
described in the First Part of this work. À magnetic galva- 
nometer would not give any indication, because, being tra- 
versed by equal currents alternately contrary, which succeed 
each other very rapidly, there is no reason for the needle de+ 
viating in one direction more than in another. 

In Clarke’s apparatus (Fig. 146.), the magnet is vertical 
instead of being horizontal, and the apparatus is so arranged 
that we can do without the mercury bath; a small spring, 
constantly pressing upon a metal cylinder put in place of the 
vertical disc, serves to establish the communication; this 
cylinder is itself traversed by the axis from which it is in- 
sulated by means of a glass tube, or simply by an envelope of 
wood: with regard to the axis, it terminates in a cylinder, 
serving as a commutator or break-piece, and which, to this end, 
is hollowed out so as to present solutions of continuity upon 
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its surface, or, which is still better, possesses a surface alter. 
nately of metal or of wood. It follows that a second spring 














Fig. 146. 


constantly resting against this piece, is found by the rotation 
to be in contact sometimes with the metal, at other times with 
the wood of the surface of the cylinder, which causes it to be 
sometimes in communication, and at other times not in com- 
munication with one of the extremities of the induced wire, 
whilst the former spring, by pressing against the metallic 
cylinder which is in place of the disc, and the surface of which 
is continuous, is always in communication with the other 
extremity of the wire. The arrangement that we have just 
‘been describing possesses the advantage of enabling the expe- 
rimenter to obtain induced currents all moving in the same 
direction : it is sufficient for this to combine the interruptions 
of the communication between the extremity.of the axis and 
the spring that rests against it, so that they shall occur at the 
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moment when the armature approaches the magnet, or else 
at the moment when it is receding from it. In the former 
case, it is the currents induced by the magnetisation of the 
armature that are excluded, and those that occur at the 
moment of demagnetisation are collected ; in the latter case, it 
is the reverse. À series of induced currents, all moving in 
the same direction, such as may be procured by the apparatus 
we have been describing, produce exactly the same effects as 
the currents of a voltaic pile, especially when they succeed 
each other with great rapidity. The longer and finer the wire 
is in which the induction is produced, the more do the currents 
that are developed in it resemble the currents of piles of high 
tension. It however happens that, at a certain degree of 
fineness and length of wire, these induced currents cease to 
have the power of producing, not only calorific, but even 
chemical effects. On the other hand, they give rise to phy- 
siological effects of much higher intensity. This influence of 
length and diameter is due to the conductibility of the circuit 
which depends upon it, being greatly concerned, independently 
of the producing cause of the electricity, in the greater or less 
degree of the intensity of the effects of the electric current. 
This is a point upon which we shall treat in the Fourth Part 
of this work. 

MM. Palmieri and Linari succeeded, in magneto-electric 
machines, in substituting terrestrial magnetism for the horse- 
shoe magnet. They had at first constructed their machines 
by arranging on the same horizontal axis several soft iron 
cylinders surrounded by silk-covered wires wound in helices, 
and then, placing the axis in a direction perpendicular to the 
magnetic meridian, they gave it a rotatory movement, whence 
there resulted, in the cylinders of iron, by the effect of ter- 
restrial magnetism, a magnetisation alternately in one direction 
and the other, and consequently the production in the ambient 
wires of a series of currents of induction, exactly similar, 
except in intensity, with those that are obtained in Saxton's 
and Clarke’s machines, by making the soft iron armatures 
pass in front of the poles of the magnet. An arrangement of 
the same kind, as those that we have described when speaking 
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of these machines, serves to collect the induced currents in 
MM. Palmieri and Linarïs apparatus, and to separate them 
at pleasure. The two philosophers succeeded, in a second 
machine, in developing directly, and without the intervention 
of the soft iron, induced currents in copper wires, by the 
immediate action of terrestrial magnetism. After various 
attempts, they found that the best method of obtaining this 
result consisted in taking a thick copper wire, about + in. in 
diameter, and several yards in length, and winding it around 
an elliptical frame, 394 in. in diameter, in the direction of its 
larger axis. À rotatory movement is given to this frame 
around its axis, taking care to place the axis in a direction 
almost perpendicular to that of the magnetic meridian ; they 
obtained currents of induction which give a powerful spark, 
and produce all the calorific, chemical, and physiological effects 
of the ordinary magneto-electric machines. In this apparatus, 
MM. Palmieri and Linari, in order to collect the induced 
currents, made one of the extremities of the wire communicate 
with a simple small metal wheel, plunging into a mercury 
bath by its lower part, and the other extremity with an axis 
traversing the entire wheel, but at the same time insulated 
from it. The conductor by which the extremity of the axis 
and the mercury bath were connected, was traversed by the 
currents. It js exactly the same arrangement as in Saxton's 
apparatus, that we have described above. However, up to 
the present time, notwithstanding the persevering efforts of 
M. Palmieri, the magneto-electric machines founded upon the 
employment of terrestrial magnetism have not been able ad- 
vantageously to replace those in which the magnetic influence 
emanates from magnets. 

But of all magneto—lectrical machines, the most powerful 
are those in which we make use of a temporary magnet or 
electro-magnet. Their mode of construction differs essentially 
from that of the machines in which the action is derived from 
an ordinary magnet. In fact, it is not necessary to have an 
armature and an electro-magnet, nor consequently to give one 
a movement in respect to the other. It is enough to have 
single piece of soft iron (in the form of a cylinder, for 
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example), around which we coil two wires covered with silk : 
we pass a voltaic current through one of these wires, taking 
the precaution to render it discontinuous by means of a rheo- 
tome, and we obtain, in the other, a series of induced currents 
moving alternately in contrary directions, and corresponding 
to the passage and to the interruption of the inducing current. 
The wire that condacts the inducing current ought not to be 
either too long or too fine, seeing that the current arises 
generally from a single pair, and that it is necessary, in order 
that the magnetism of the soft iron be powerful, that the 
resistance of the conductor be inconsiderable. With regard 
to the wire in which the induced current is developed, its 
dimensions depend, as in the machines that we have been 
describing, upon the nature of the effects that we desire to 
produce. With a wire about 30 or 40 yards in length, and 
of great fineness, and by passing the current of only one pair 
of Daniell’s, having a surface of 4 or 5 in. square, through an 

ordinary wire, we are able to obtain induced currents of such 
an intensity, that a very strong man cannot with impunity 
endure for a minute or two the shocks to which they give 
rise, 

For all other chemical or calorific effects, we generally 
employ for receiving the induced current a similar wire to 
that which conducts the inducing current. The two wires 
are coiled either together, or one over the other, around the 
bobbin, in the interior of which is placed the soft iron, The 
latter may be indifferently a solid or a hollow cylinder. 
There has even been found some advantage in supplying the 
place of the cylinder by a bundle of wires, or, better still, of 
soft iron bars, insulated from each other by a layer of varnish. 
This circumstance does not permit of the establishment of 
currents of induction circulating, as in the case of a single cy- 
lindrical bar, over the exterior surface of the cylinder, currents 
which diminish the inducing powers exercised upon the wires 
themselves. It is for the same reason that we must avoid 
placing in the interior of the bobbin a hollow cylinder of brass 
or copper ; it would be better that the magnetic bundle should 
be in immediate contact with the wood. However, these 
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precautions are not indispensable ; they are not really ne- 
cessary, except in certain cases in which we are engaged upon 
particular effects, as we shall see further on. 

One of the most important parts of soft iron magneto- 
electric machines is the rheotome. The most simple is a 
toothed wheel, moved by the hand by meens of a small 
handle, and communicating by its axis with one of the poles 
of the pile, whilst the other pole is in communication, by 
means of the inducing wire, with an elastic plate resting 
against the teeth of the wheel. Every time the plate, in 
consequence of the rotatory movement, leaps from one tooth 
to another, there is an interruption and a completion of the 
circuit in the inducing wire, and consequently & production of 
two induced currents successively in opposite directions in 
the induced wire. When the two ends of the induced wire 
are not united by a conductor, the currents give rise to a 
spark that escapes between the plate and the tooth, and which 
arises from the current induced in the inducing wire itself, 
which is only manifested so long as the former is not mani- 
fested. 

The rheotome that gives rise to the most powerful current 
of induction is the mercury rheotome that is described (Fig. 
130.) We require only two needles, which close the circuit 
when they are plunged into the mercury, and interrupt it 
when they come out: they are fixed transversely to an axis 
that is itself moved by a clock movement, the velocity of 
which is regulated by means of fans, to which is added the 
effect of the resistance of the mercury. Thé only inconveni- 
ence presented by this system is that the mercury is projected, 
and is very rapidly oxidised. It is then covered with small 
black globules, that interfere with the perfect contact of the 
needles with the liquid metal, and, as they rise above its 
surface, frequently make the two compartments communicate 
together in a permanent manner; and they ought not to have 
any other communication than what is established, at intervals, 
by the two needles that plunge into it The apparatus an- 
nexed (Fig. 147.), constructed by M. Bonijol, represents an 
induction machine, in which the two rheotomes may be ir- 
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differently employed. The two cups, A and B, are intended 
to receive. two poles of the pile (generally a single pair). 





























Fi. M7. 


From the cup B there proceed two conductors, one of which 
is attached to the toothed wheel, the other to one of the com- 
partments of the mercury rheotome. From the other com- 
partment of this rheotome, as well as from the elastic plate 
that rests against the toothed wheel, comes a conducting wire; 
and these two wires arrive at the other extremity of the in- 
ducing wire. If we wish to employ the mercury rheotome, 
we set the clock movement in motion, and the needles im- 
medistely execute their immersion and their emersion: we 
take care at the same time to raise the elastic plate, so that it 
shall have no point of contact with the toothed wheel, and 
that the current can only be established by the mercury rheo- 
tome. If we desire to employ the toothed wheel, we make it 
rotate by means of the handle, after having put the elsstic 
plate again in contact with it; we at the same time take 
care that the needles of the other rheotome, which are no 
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longer in motion, are arranged in their state of rest, so as not 
to plunge into the mercury, and consequentiy not to permit 
the current to circulate by this path. 

The two knobs c and D represent the two extremities of 
the induced wire; any conductor by which they are united 
is traversed by the succession of induced currents. To the 
two other knobs, E and F, arrive metal wires, each proceeding 
from one of the extremities of the inducing wire: these knobs 
are intended for transmitting through every conductor, by 
which they are united, the currents induced in the inducing 
wire itself, in such a manner that, by using alternately the 
knobs C and D, and the knobs E and F, we can obtain either 
the one or the others; but we cannot make them act at the 
same time, the former currents existing only when the latter 
are not liberated, as we have already remarked. Itis, indeed, 
a very remarkable thing to see this mutual dependence of 
the currents induced in the inducing wire itself, and the 
currents induced in another parallel wire. This circumstance 
is a good proof that the two species of currents are due to the 
same cause, and that they differ merely as to the place in 
which they are propagated. 

The chemical and calorific effects that may be produced by 
means of these induced currents, as well by means of one as 
of the others, are very energetic. We can ignite a platinum 
wire, and can even obtain a small luminous arc between two 
points of coke. With regard to the chemical effects, they 
are very decided at the first instants: but the two gasses 
liberated alternately at the two wires of the voltameter very 
soon recombine, and the chemical power seems in appearance 
diminished. 

À fifth knob, G, placed after E and F, communicates with a 
wire which comes to the cup B. It is employed for the 
following purpose; or, what amounts to the same thing, the 
following is what occurs, when it is united by a conductor to 
the knob E. The current induced in the inducing wire, which 
is liberated at the moment of the breaking of the circuit, is 
found by this combination compelled to traverse à circuit 
formed of the inducing wire, of the conductor interposl 
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between E and 6, of the wire that goes from G to the cup B, 
of the voltaic apparatus that connects the cup B with the 
cup 4, and of the wire that goes from the cup A to the in- 
ducing wire. The induced current is moving in the same 
direction as the inducing current, namely, as the current of the 
voltaic apparatus, so that the conductor placed between G and 
E is traversed at once by two currents, namely, the induced 
current and the voltaic current. There results from this an 
effect which is more than the sum of the effects of the two 
currents when separate; for it appears that the passage of the 
induced current through the voltaic apparatus notably in- 
creases the powers of this apparatus. ‘This augmentation is 
especially sensible, when the voltaic apparatus consists of a 
single pair, and the conductor interposed between G and E 
is a voltameter, We then sce the current of one pair, in- 
capable of itself to decompose water, produce, with the 
addition of its own induced current, a very energetic chemical 
decomposition. This reinforcement of the current by itself, 
which I discovered in 1843, led me to give the name of ebectro- 
chemical condenser to the apparatus, by means of which I 
succeeded in obtaining it. 

This apparatus (Fig. 148.) presents a peculiarity of some 
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interest; it is, that in place of a toothed wheel, or a clock- 

movement with needles and mercury, it contains, for render- 

ing the current discontinuous, a simple elastic metal stem, 

provided with a small piece of iron, placed very near to the 
VOL. T. ec 
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soft iron of the bobbin. When this soft iron is magnetised, 
the small piece of iron is attracted, and the elastic stem to 
which it is connected is raised ; this occasions the breaking 
of the inducing circuit, which, in order to arrive at the wire 
of the bobbin, must traverse the stem, and pass into a small 
metal cup filled with mercury, or simply amalgamated, on 
the bottom on which the extremity of the stem rested. This 
rupture of the circuit destroys the magnetisation of the soft 
iron of the bobbin; the small piece being no longer attracted, 
the elastic stem immediately falls back, so that its extremity 
rests again on the bottom of the cup, and the circuit is made 
again. It follows from this that the current is interrupted a 
greater number of times, according as it is more intense; the 
rapidity with which the interruptions succeed each other de- 
pending on the power of the magnet. 

Instead of having a distinct apparatus, we may adapt this 
kind of rhcotome to the same case that already possesses the 
two others, as may be seen by Fig. 147. A small capsule, 
placed beneath &G, and communicating with one of the ends of 
the inducing wire, reccives the bended extremity of an elastic 
stem, that arrives at the cup A, and, passing near the soft iron 
of the bobbin, is furnished, in the part nearest to this iron, with 
the small picce, which is also of iron, and which, by the attrac- 
tion that it obeys, raises the stem, and so interrupts the circuit. 

Another more simple apparatus, also constructed by M. 
Bonijol (Fig. 149.), presents, under another form, the same 
system of rheotome. We interpose in the circuit of the in- 
ducing wire, a bent but fixed stem, AB, and an elastic plate, Ch. 
The plate, by virtue of its elasticity, naturally places itself in 
contact with the extremity of the stem: the two surfaces in 
contact are covered with a platinum disc, in order to avoid 
oxidation and the rapid destruction of the metal. Its 
therefore between the two platinum dises that the contact 
occurs, and from which the spark darts, if there is one. 
The elastic plate is traversed in E by a stem that may be 
raised or lowered, so as to bring its extremity, which is a 
horizontal iron disc, at a proper distance from the soft iron of 
the bobbin. It follows from this, that the attraction exercised 
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by this iron, when magnetised, upon the soft iron disc, compels 
the plate to separate itself from the fixed stem A B, and 80 in- 





Fig. 149. 


terrupts the circuit, which is immediately re-established, the 
magnetisation ceasing as soon as it is broken. The second 
wire which arrives at F and at 6, as well as every conductor 
interposed between F and G, receives the induced current. 
The poles of the voltaic apparatus are to communicate, one 
with one of the extremities of the inducing wire, the other 
with the extremity © of the elastic plate; the fixed stem À B 
being placed in direct communication at K, by means of a 
conductor, with the second extremity of the inducing wire. 
In this manner, the circuit is closed 80 long as the stem and 
the plate remain in contact at DB; it is open as soon as mag- 
netism has separated them. 

With this apparatus, as well as with the preceding ones, 
we are able to obtain the induced current in the inducing wire 
itself by placing H and K in direct communication by the inter- 
vention of the conductor, in which we desire to transit this 
induced current. We may, in like manner, cause the in- 
duced currents to pass through the voltaic apparatus itself by 
placing the interposed conductor, which is, for example, a 
voltameter, as C and K are placed. In fact, the current 
induced in the wire HK is obliged, in order to accomplish its 
circuit at the moment when the communication is interrupted 
in BD, to traverse the pair from n to C, in order to arrive 

ce2 
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through the interposed conductor from c to Kk, where it finds 
the second end of the wire HK. 

The same apparatus is also provided at H and N with a 
rheotome with an elastic plate and a toothed wheel, that may 
be employed for certain experinents in which the self-acting 
rheotome could not be sct in action, or would not be conve- 
niently applicable. This, for example, would be the case 
when the inducing current should be acting without the inter- 
vention of the soft iron of the bobbin, in order to produce 
an induced current. It is evident that we must here have a 
rheotome that has its mode of action independent of mag- 
netisation. ° 

It is necessary, when we make use of this rheotome, to 
transfer to 1 the end of the inducing wire that was formerly 
at K; because it is at 1 that the conductor arrives which 
comes from the elastic plate intended for interrupting the 
circuit, by leaping from one tooth to the other of the wheel x 
set in motion by the handle. There are in H,in cC, and 1, 
and in K, small cavities hollowed in the wood and filled with 
mercury, in order to facilitate communication. 

The soft iron placed in the interior of the bobbin is not a 
single cylinder, but a bundle of small cylinders covered with 
an insulating varnish of wax. 

Such are the principal magneto-electric machines that are 
generally employed. If the former are of more easy and of 
more economical employment, since they require only an or- 
dinary magnet, the latter, which require at least the voltaic 
current of a single pair in order to magnetise the soft iron, 
possess the indisputable advantage of being much more 
powerful. We shall see that each of them may confer great 
services on electricity, either under purely scientific relations, 
or in relation to practical applications. 

Bcforc terminating this subject, let us add, that the principle 
of the self-acting rhcotome may be demonstrated by a very 
simple apparatus. This apparatus possesses the additional 
advantage of being applicable to any electro-magnet, so as to 
obtain from it the current of induction produced in thein- 
ducing wire itself (which is indispensable in this case; for 
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there is only one wire around the electro-magnet). This 
current, being obliged to traverse the pair that produces 
the magnetisation, becomes capable of developing electrical 
effects which, without this mode of the intervention of the 
clectro-magnet, would require the employment of several 
pairs. The apparatus (Fig. 150.) consists of a horizontal rod 





movable around a transverse axis ; the rod carries at one of its 
extremities a soft iron disc, which, when it is in equilibrio, 
is only about the tenth or twentieth of an inch at most from 
the polar surface of the electro-magnet ; the other extremity 
is in contact, by its bent point, with the bottom of an amalga- 
mated capsule, This rod, being maintained in equilibrio by 
a counterpoise, is traversed by the current that circulates 
around the electro-magnet. Immediately this circulation 
occurs, the electro-magnet is magnetised, and, the iron disc 
being attracted, the rod loses its horizontality; whence it 
follows, that the circuit is interrupted at the point where 
there was contact betwcen the capsule and the bent extremity. 
This interruption causing the magnetisation to cease, the rod 
recovers its horizontal position, the current immediately 
begins to cireulate again, and so on. According to the ar- 
rangement of the conductors, the current may be brought to 
traverse the voltaic pair itself, or to be transmitted directly 
through any body placed in its route. The figure represents 
it traversing the voltaic pair. À very curious fact is, that if 
the small soft iron disc is placed over the central part of the 
polar surface of the electro-magnet, there is no attraction, 
however powerful the electro-magnet may be. In order that 
ccs 
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attraction may take place, and, consequently, in order that 
the instrument may work, it is necessary that the disc be 
near the edges of the polar surface. It would not be the 
same if the soft iron disc, instead of being very thin, had a 
thickness of a ninth or tenth of an inch or more, This 
negative result is therefore evidently due to the fact, that, 
when it is very thin and is placed symmetrically in respect 
to the magnetic forces, namely, in the centre of the polar 
surface, a small plate of soft iron acquires on its two faces two 
cqual and contrary polarities, which neutralise all exterior 
action, however powerful it may be. 


Electro-Statice Effects of Electro-Dynamic Induction. 


After having explained the mode of producing currents of 
induction and their principal properties, and having described 
the machines, by means of which they may be developed in a 
powerful and continuous manner, it remains for us to study 
various remarkable phenomena presented by electro-dynamic 
induction. Hitherto we have confined ourselves to esta- 
blishing this fundamental principle,—that closed currents or 
magnets develope in a closed circuit two instantaneous in- 
duced currents : the first, moving in a direction contrary to 
the inducing current, is disengaged at the moment when the 
inducing and the induced circuits are brought near to each 
other ; the second, moving in the same direction as the in- 
ducing current, is disengaged at the moment when the two 
circuits are removed away from each other. We have de- 
scribed the different methods of making the inducing current 
or the magnet act; we have demonstrated that motion is an es- 
sential condition of this kind of action; and we have seen how, 
by varying the mode of motion as well as the form of the in- 
duced conductor, we are able to obtain discontinuous currents 
all moving in the same direction, or discontinuous currents 
moving alternately in contrary directions. Finally, in the 
production of induced currents, we have found an explanation 
of magnetism by rotation. This first general glance at in- 
duction has been sufficient to enable us to comprehend the 
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description and the theory of magneto-electrie machines. But 
it remains for us now to examine several points relative to 
induction itself, which we have barely glanced at, or have not 
even touched upon. Thus, induction by currents and magnets 
not only gives rise to dynamic electricity, but produces the 
electro-statical effects of tension: thus induced currents may 
themselves also become inducing currents, and s0 give rise 
to induced currents of another order; 80, also, electric dis- 
charges, such as those of a Leyden jar, are able to produce 
induced discharges. Finally, many circumstances, — length, 
form, the nature of the induced circuits, the interposition be- 
twcen them of certain bodies, exercise an important influence 
over the results of induction. The properties of induced cur- 
rents may themnselves vary with these circumstances, and with 
others also ; such, in particular, as the introduction into or the 
absence from the interior of bodies that are employed for the 
induction, of pieces of iron of different forms and qualities, 
and of other different substances. There are many different 
points of view under which it remains for us to regard the 
very rich subject of electro-dynamic induction. Under the 
impossibility in which we are placed, of giving a complete 
idea of the labours of all the philosophers that have been 
engaged with it, as Masson, Breguct, Henry, Abria, Mat- 
teucci, Marianini, Wartmann, Knockenhauer, Riess, Verdet, 
Dove, Weber, &c., we shall confine ourselves to stating sum- 
marily, and without confining ourselves to chronological 
order, the principal results of their rescearches. 

À current of magnetic induction 1s able to produce sparks at 
a distance in the air, and powerfully to charge a condenser : con- 
sequently, a current of induction can be entirely transformed into 
static electricity. 

This is the important principle which Faraday had 
already glanced at, but which MM. Masson and Breguet 
have verified and established by experiments made upon a 
very large scale, and which are the more conclusive, as the 
source electricity, of which they employed for producing 
the induction, was a current or a magnet, and not the elec- 
tricity of tension, Two wires, each 711 yards long, and well 
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insulated, were coiled round a bobbin, so as to be in juxta- 
position to each other. One of the wires was placed in the 
circuit of a pile; the other communicated, by its two extremi- 
ties, with the plates of a condensing electroscope. Every 
time the inducing circuit was interrupted by means of a rheo- 
tome, powerful charges of electricity were given to the con- 
denser, the sign of which was in accordance with the direction 
of the current that would have becn obtained in a galva- 
nometer. We are also able to draw sparks from the plates 
of the condenser, but only when it is charged with the in- 
duced current at the moment of the interruption; for the one 
that is induced at the moment of the establishment of the 
circuit does not give sparks, and charges the condenser but 
feebly. 

In order to obtain the signs of electric tension, it is not 
necessary to employ the two ends of the same helix. If we 
have two helices, one of 1422 yards, traversed by the in- 
ducing current, and insulated upon a cake of resin; the other, 
of 711 yards, placed over and very near to the former, and 
suspended by a silk thread so as to be well insulated, we ex- 
perience a smart shock on seizing the extremity of the wire of 
the former helix, and the contrary extremity (namely, that 
which is charged with a contrary electricity) of the second. 
This experiment proves that the two wires are, at the moment 
of the interruption of the circuit, under the same conditions 
as are two charged Leyden jars. The length of the wire 
produces almost the same effect of insulation as a glass plate ; 
and the tension observed in the inducing wire arises from 
the extra-current, or the current induced by itself. This 
extra-current may also of itself alone give, with the 1422-yard 
helix, effects as powerful as the induced current. It has even 
produced very bright sparks in vacuo between two brass 
balls, placed at a distance of, at first, nearly ;Lth of an inch 
apart, and then brought to 5 inch, without the light ceasing 
to disappear. In this experiment the ball and all the rod 
forming the positive pole of the extra-current are surrounded 
by a violet atmosphere; the negative ball is entirely bare; 
but between the two balls there is a kind of reddish flame, of 
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which the negative ball is the base; and from time to time 
there are perceptible on this same ball a multitude of small 
brilliant points. The pile by which the indueing current was 
produced was simply eight pairs of Daniells. With the 
induced current in a dificrent helix from that in which the 
inducing current circulates, we obtain luminous effects quite 
as decided; which proves that we can induce a current in an 
open wire, provided, however, that its two extremities are 
connected by a conductor, a position here filled by the vacuum. 
Furthermore, the properties of the electric light that is ob- 
tained by means of the currents of induction, entirely resemble 
those of the light, that is liberated in electric discharges. 

In all these experiments, MM. Masson and Breguct made 
use of a toothed-wheel rheotome (Fig. 131.) M. Abria, by 
means of an almost similar rheotome, and of which we give 
the description further on, obtained luminous effects, which 
were also very decided; but he remarked that the negative 
ball or point is surrounded with a violet atmosphere, whilst 
the positive point gives out a reddish flame, which elongates 
in proportion as the point is made to recede from the ball, 
but without reaching to this latter, so that there exists an 
obscure interval between the point and the upper part of this 
flame. This reddish light only traverses the distance between 
the ball and the point, which is about + or + of an inch. 


Induction by induced Currents. 


Mr. Henry, of Princetown, discovered and carefully studied 
the induction of a current upon itself, and he contrived to con- 
struct a spiral plate, a (Fig. 151.), composed of a metal ribbon 
covered with silk, which, when interposed in the circuit of a 
very fceble current, — one incapable of producing the slightest 
spark of itself, gives a very brilliant one at the moment when 
the circuit is broken; an effect that is duc to the current 
induced in the spiral itself, which conducts the inducing 
current. This same spiral, «, produces by induction in 
another, b, which is placed over it, a current that has the 
power of producing powerful shocks (Zig. 151.). But the 
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point which the American philosopher most particularly 
studied, is the development of currents of induction by the 





Fig. 151. 


induced currents themselves. With this view, he made use 
of several flat spirals (Fig. 152.) above and very near to the 
former one, a, which conducts the current of a pile, or of the 
first order, he placed a second and similar one &, the two ex- 
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tremities of which are connected to those of a third, c, placed 
at a certain distance; above the latter, and very near to it, is 
a fourth, d, the extremities of which are in like manner con- 
nected with those of a fifth, e, and so on. At the moment 
when we interrupt the circuit of the first order, which is cir- 
culating in a, there is in b an induced current of the second 
order, moving in the same direction as the current of a; the 
current of à traverses c, and deterimines in d a current of 
the third order, moving in a contrary direction, and which, 
traversing e, determines in the spiral placed beneath it a 
current of the fourth order, still moving in a contrary direc- 
tion to its own. With the exception of the first induced 
current, which is due to the immediate action of the current 
of the piles, all the other induced currents, arising from the 
action of the induced currents themselves, are moving ina 
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contrary direction to their inducing currents. This difference 
arises from the fact that, as an induced current is instantaneous, 
it must, when it acts as an inducer, determine two induced 
currents almost at the same time, one in the opposite direction 
to its own at the moment when it is established, the other in 
the same direction at the moment when it ceases. We see 
that it is the former that overcomes the latter in the present 
case. Moreover, the direction of these different induced 
currents is determined by the interposition in their circuit 
either of a galvanometer-multiplier or of the chemical volta- 
meter. However, the process employed in preference by 
Mr. Henry is the employment of a magnetising spiral placed 
in the induced circuit of any order. Fig. 152. represents one 
placed in the circuit of the current of the fourth order. This 
spiral indicates the direction of the induced currents by the 
direction of the magnetisation imparted to a small steel needle 
placed in its interior. 

M. Abria, in a very remarkable work on induction, has 
completed Henry’s researches, principally in as far as concerns 
induced currents of different orders, and the influence of 
several circumstances upon the intensity and the direction of 
induced currents in general. By employing the method of 
the magnetisation of steel needles, and by extending the ex- 
periments as far as currents of the seventh order, he first 
verified that for the succession of different induced currents, 
there is the following series, when the induction is produced 
by breaking the circuit. The current of the first order is the 
voltaic current itself at the moment when it is broken; and 
the change of sign indicates the change in the direction of the 
current. 


Current of the pile, or of the first order  - - + 
Current induced by the rupture of the preceding, or 

of the second order - - - + 
Current induced by the rupture of the preceding, or 

of the third order - - - _— 
Current induced by the rupture of the preccding, or 

of the fourth order - - _ = + 
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Current induced by the rupture of the preceding, or 
of the fifth order - - = __— 


The same phenomena occur at the moment when the voltaic 
circuit is formed, instead of being opened ; but as the current 
of the second order is then in an opposite direction to that of 
the inducing current, the changes of sign occur, setting out 
from the current of the second order, and we have the follow- 
ing series : — 


Current of the pile, or of the first order  - = + 
Current induced at the moment when the preceding 

is established, or of the second order _ = — 
Current induced at the moment when the preceding 

is established, or of the third order _ = + 
Current induced at the moment when the preceding 

is established, or of the fourth order - - — 
Current induced at the moment when the preceding 

is established, or of the fifth order _ - + 


We have distinguished the induced currents of different 
orders of the two series, by saying that each of those of the 
former is produced by the rupture of the preceding one, 
and each of the latter by its establishment. But these currents, 
except that of the first order, being all instantaneous, it is in 
fact impossible to distinguish their establishment from their 
rupture, or, to spcak more correctly, we should confine our- 
selves to saying that instantancous currents develope by 
induction currents also instantaneous in a contrary direction 
to their own; whilst currents that have a sensible duration 
develope currents, whose direction is contrary to their own, 
at the moment when the action commences, and is the same 
when it ceascs. 

The production of these induced currents of different 
orders, very well explains the diminution experienced by in- 
duction when a closed spiral, namely, one in which the two 
ends are metallicallÿ united, is brought near to the inducing 
spiral We must merely consider that we have then two 
closed spirals placed in the vicinity of the same inducing 
spiral, namely, the spiral primarily subjected to experiment, 
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and the new spiral that is brought near to it. The currents 
induced in each of them, by the direct action of the inducing 
spiral, are in the same direction; but each determines in 
the other a current of the third order, and we thus perceive, 
as experiment demonstrates, why the effect of induction is less 
than if the additional spiral did not exist; for this current of 
the third order has a contrary direction to that of the second 
order, and consequently diminishes in each spiral the intensity 
of this current. 

M. Abria occupied himself greatly in the study of the 
mutual reaction that spirals thus exercise over each other; 
and he also discovered that the diminution produced in each in- 
duced spiral, by the inducing effect of the current of the other, 
depends not only upon the intensity of this latter, but also on 
other circumstances, such as their position either in relation 
to the inducing system or in relation to each other. But, of 
all the results obtained by M. Abria, the most important, 
inasmuch as we are able to deduce from it the explanation of 
the alternate direction of the currents of different orders, and 
that of the variable effects of the additional spirals, is the 
difference that he succecded in establishing between the direct 
and the inverse induced currents with regard to their faculty 
of being transmitted through a given circuit, notwithstand- 
ing that these currents are equal. With this view, he 
studied the currents of induction, not onlÿ with the galva- 
nometer, but by means of their physiological, their calorific, 
and their chemical effects. For these last two kinds of effects, 
and, in certain cases also, for galvanometric cffects, he made 
use of an apparatus which could give him a scries of induced 
currents, either direct, that is to say, corresponding to the 
rupture of the voltaic circuit, or inverse, that is to say, 
which are developed when forming this same circuit. 

This apparatus is composed of two toothed wheels, with 
brass and wooden teeth, and mounted upon the same axis, but 
insulated. The central part of each whcel communicates with 
a stecl spring, and the surface with a brass spring. The two 
wheels are able to turn tightly and independently of each 
other upon a common axis; they arc, moreover, perfectly 
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equal; and we can understand that, if the steel and the brass 
springs of one of them are made to communicate with the 
extremities of the induced circuit, it is easy to arrange the 
two wheels so that the brass spring of the second falls upon a 
wooden tooth at the establishment of the voltaic current, and 
upon & metal one at its rupture. We then obtain in the in- 
duced circuit a series of currents all in the same direction, 
developed by the rupture of the voltaic current. We can 
also arrange the two wheels s0 as to obtain in the secondary 
circuit a series of induced currents, all in the same direction, 
developed by the establishment of the principal current. 1 
have described (Fig. 130.) an apparatus which, by means of 
two systems of two needles, each one of which forms part of 
the inducing circuit, and the other of the induced circuit, can 
produce the same effect, if we take care s0 to arrange it that 
the two necdles of the induced circuit do not plunge into the 
mercury when those of the inducing current come out of the 
mercury, and consequently thus occasion the rupture of this 
current. We have then a series of direct currents. We can 
also procure a series of inverse currents by arranging the 
needles so as to collect the induced currents that occur at the 
moment of establishing the inducing circuit, and avoiding 
those that occur at its rupture. 

Fig. 153. represents a commutator, founded upon a prin- 





Fig. 153. 
ciple analogous to that of M. Abria, only it possesses the 


CHAP. Y. ELECTRO-DYNAMIC INDUCTION. 399 


advantage of being applicable to a greater number of possible 
combinations. M. Wartmann was the first who constructed 
it, It is composed of three metal wheels, which present at 
their circaumference twelve hollows filled by inlayings of hard 
wood. They are placed upon the same brass axis, which 
rotates easily. À spring, that constantly rests upon this axis, 
communicates by this means with the most distant wheel ; the 
other two wheels do not communicate metallically with the 
axis from which they are separated by an ivory ring, covered 
exteriorly with a brass cylinder against which a spring rests, 
so that there are three springs pressing against the axis, of 
which one alone communicates metallically with one of the 
wheels : these three springs can be placed in metallic com- 
munication with each other. Finally, six springs made of 
hard copper plate, and fixed by screws to the stand of the in- 
strument, rest by their free extremity against the circum- 
ference of each of the wheels We can at pleasure reduce 
the apparatus to two wheels when we desire to have but one 
of the induced currents, and to one alone when we desire to 
confine ourselves to rendering a voltaic current intermittent. 
We must be able to change the place of the contact of the 
springs that rest against the circumferences of the wheels, and 
to change the position of one of the wheels upon the axis in 
respect to the others. We have also the power of collecting 
either of the induced currents, and even, by employing the first 
wheel, to render the current intermittent, and each of the 
other two to collect cach of the two induced currents, we may 
succeed in procuring the series of induced currents, all tra- 
velling in the same direction. For this purpose, we have 
moerely suitably to arrange the conductors that serve to unite 
together the different elastic plates, that are resting against 
the circumferences of the wheels, and the springs that press 
against the axis. 

It follows from all the observations made by M. Abria 
with a series of induced currents, that the consequences to 
which he had arrived by studying the currents of induction 
by the method of magnetisation are found to be verified, in as 
far as the general order of the results are concerned, by the 
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study of their calorific, their chemical, or their physiological 
effects. Were we indeed able to measure accurately these 
latter effects, it is probable that we should obtain concordant 
values with those that are furnished by the other methods. 

With regard to the galvanometric effects, they differ from 
the others in that they are equal in a secondary circuit, 
whether they correspond to the rupture or to the establish- 
ment of the circuit; whilst it is not the same with the other 
different effects, which are, on the contrary, unequal under the 
same circumstances. In like manner, these latter are in- 
fluenced by the action of metal spirals or plates, whilst the 
former are not so. Finally, the deviations of the needle are 
scarcely sensible when the galvanometer forms part of a 
circuit of a superior order to the second. But, if we pass 
through the galvanometer, the two series of induced currents, 
moving alternately in contrary directions by means of the 
toothed wheel, and no longer, so that the circuit is constantly 
closed, the needle generally indicates by the direction of its 
deviation, a single series of currents, that of direct currents. 
Howevet, wc see plainly, by the occasionally uncertain move- 
ments of the needle, that the inverse currents also traverse, 
alternately with the direct ones, the wires of the galvanometer; 
but these currents experience an unequal resistance in passing 
from the springs to the brass wheel, and the galvanometer 
indicates the serics of currents that have undergone the least 
reduction, or which have the highest tension. Sometimes the 
inverse currents have the mastery, but, after a few moments, 
the needle of the galvanometer passes to the other side, and 
indicates the presence of the direct current. It follows from 
this, that the two successive currents that are manifested in an 
induced circuit of the second order are really equal, as indeed 
experiment shows, when the circuit is uniform ; but, as soon 
as it ceases to be completely uniform, the direct current pre- 
dominates, being better able to traverse a non-uniform circuit, 
than is the inverse current. Now this is what occurs in phy- 
siological, calorific, and chemical cffects, and even with the 
galvanometer, but only in the case when the toothed wheel is 
in the circuit. 
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With regard to currents of higher orders, it is very pro- 
bable by analogy that they consist, the third of two contrary 
currents corresponding to a current of the second order, the 
fourth of four currents corresponding to the two of the third 
order, and s0 on; since each current must always induce two 
others in opposite directions in a ncighbouring conductor. All 
these currents have a very brief duration; those of the first 
order must be equal to each other, but must differ, as do 
those of the second, by their facility of being transmitted in a 
circuit not perfectly continuous. In fact, if we place a gal- 
vanometer in a continuous circuit of the third order, and allow 
only direct secondary currents to act upon the spiral, by 
placing the toothed-wheel in the secondary circuit, we obtain 
a series of tertiary currents — +; — +; — +; the needle 
of the galvanometer indicates the equality of these opposite 
currents, by placing itself indifferently on the right or on the 
left of zero, or at zero itself. It is the same when we act 
with inverse secondary currents. But if we place the toothed- 
wheel in the tertiary circuit, the galvanometer detects the 
presence of a single current only, instead of indicating that of 
two contrary currents, as in the preceding case. When, for 
example, we collect the tertiary currents developed by the 
rupture of the primary circuit, the needle indicates the series 
of currents — — —; the series of currents + + + being 
more reduced than the other, in passing from the spring to 
the whcel. It is the reverse when we collect the tertiary cur- 
rents developed by the establishment of the primary circuit. 

To sum up:—a primary current developes two induced 
secondary currents in contrary directions, one at its establish- 
ment, the other at its rupture: these two currents may be 
separated by an interval of time; they are equal, but have 
not the same tension, that is to say, the same facility of 
traversing imperfect or discontinuous conductors. Each se- 
condary current is able to determine two opposite tertiary 
currents, but separated by an interval of time of inappreciable 
duration, seeing that the secondary current 1s itself instanta- 
neous. These two tertiary currents are equal, but they like- 
wise have not the same tension. Each tertiary current is in 
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like manner able to determine two equal quarternary currents, 
but also of different tensions; at each secondary current, 
namely, at the rupture or establishment of the primary 
current, there correspond therefore four quarternary currents, 
produced by the two tertiary ones. If all these induced 
currents, that are separated by infinitely short intervals of 
time, had the same tension as well as being equal ; or, rather, 
if they had to traverse only perfectly uniform circuits, they 
would all mutually neutralise each other, and no effect would 
be manifested. But this is not the case, on which account it 
js that there is a production of phenomena, due to the supe- 
riority of tension of the currents moving in one direction over 
those moving in the other. 

This is the most plausible explanation that can be given of 
the currents of different orders: we shall see that it is found 
to be confirmed by the study of the phenomena of induction, 
produced not merely by the currents themselves, but by the 
electrical discharges, to which we are about to turn our 
attention. But first, Î ought again to mention certain laws 
relative to induced currents, discovered by M. Wartmann, 
who has been much engaged upon this subject. This philo- 
sopher has shown that, for lengths of additional vire increasing 
in geometric progression, the intensities of the induced current 
measured by the galvanometer diminish in arithmetical pro- 
gression, as well when the induced circuit is opened, as when tt 
ts closed. It follows, as a matter of course, that the length of 
the induced wire was constant, and it was that of the inducing 
wire that was variable. M. Wartmann multiplied the ex- 
periments by subjecting a constant wire to the action of two 
inducing wires, both variable or constant, or one variable 
and the other constant : he obtained results in relation with the 
preceding, and to which we shall return when we are 
on electric conductibility, upon which they essentially depend. 
The same philosopher further showed, that the presence of a 
voltaic current in the induced wire in no way modifies the 
effect of induction, any more than does the absence of at- 
mospheric pressure. 
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ÆElectro-dynamic Induction produced by Electric Discharges. 


Electro-dynamic induction was not at first obtained, except 
by employing electric currents. But on seeing that instanta- 
neous currents might themselves produce induced currents, 
Henry conceived that electric discharges, such as that from a 
Leyden jar, might also develope them. He succeeded indeed, 
but it was by taking many precautions, to insulate the wires 
of the spirals from each other, by means of silk and gum-lac, 
and to separate the induced spiral from the inducing spiral by 
means of glass. Moreover, by operating with spirals, arranged 
as in the experiments made with voltaic currents, he obtained 
induced currents of different orders, and having the same 
direction in respect to each other as they have when it is the 
current of the pile that produces the primitive induction. In 
the case of induction produced by means of discharges, there 
occurs a fact that we have already pointed out in the in- 
duction produced by induced currents: it is the influence 
exercised by a conducting plate on a closed spiral interposed 
between the inducing and the induced spiral. The current 
induced in this plate or spiral being of the second order, 
developes in the spiral subjected to induction an induced 
current of the third order, and consequently contrary to that 
which is determined in it by the direct action of the inducing 
current ; there occurs, therefore, to the latter either its an- 
nihilation or a great reduction, This important observation 
explains how it was that M. Savary modified or even some- 
times entirely annihilated the magnetising power of discharges, 
by placing the needles, upon which they were exercised, 
within envelopes, or in the vicinity of metal plates that be- 
come the seat of currents of induction, the action of which 
tended to annihilate or at least greatly to diminish the direct 
action of the principal discharge. M. Abria, by employing 
currents instead of discharges for producing magnetisation, 
had found on the contrary that the influence of metal en- 
velopes was altogether null; an observation entirely in ac- 
cordance with that of Henry, who remarked that, when 
currents are employed instead of discharges for producing 
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induction, the envelopes are without influence ; at least when 
not referring to induction produced by induced currents them- 
selves, which then conduct themselves like discharges, as we 
have seen above: but it is not with currents of this kind, but 
with ordinary voltaic currents, that M. Abria was operating. 

But, without stopping at these details, we must enter in a 
more direct manner into the study of the phenomena that 
occur in induction produced by electric discharges. The 
question that presents itself is the same as the one we have 
already entered upon, when engaged in induction produced 
by electric currents : it is to know what the nature is of the 
electric motion that constitutes the induced discharge. Is it 
a simple movement, analogous to that which constitutes the 
inducing discharge itself? Is it rather the succession of two 
discharges induced in opposite directions, one occurring when 
the inducing charge commences, the other when ït ceases, 
and separated consequently by an interval of an inappreciable 
duration? It is clear that, under the supposition that we have 
already enunciated, when we were explaining the induced cur- 
rents of different orders, it is necessary, in order that the effect 
shall not be null, that the two induced discharges should 
not be of the same intensity; for, but for this, they would 
neutralise each other. The solution of this question is not 
easy ; and we are about to study it, by passing rapidly over 
the works of different philosophers upon this subject. 

M. Aimé was one of the first to perceive the existence of 
the induced discharge, by fixing on the two faces of a glass 
plate several bands of tin-foil, so as to form two parallel and 
discontinuous metallic circuits. At the moment when he made 
the discharge of a Leyden jar pass through one of these 
circuits, sparks passed in all the solutions of continuity of 
the second circuit. Mr. Henry, by operating also with two 
parallel bands of tin-foil, had perceived, by means of the 
magnetisation of steel needles, the induced discharge change 
in direction, — an effect that he had at first attributed to the 
difference of distance between the inducing and the induced 
circuit; but which he endeavoured to explain more recently, 
by admitting that an electric discharge determines several 
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induced discharges in contrary directions, the differences of 
whose intensity vary with the absolute intensity of the in- 
ducing discharge. He observed on this occasion a remarkable 
fact, which is, that a simple spark, about an inch in length, 
coming from the prime conductor of a machine, and received 
at the extremity of a metal circuit placed in a room, may 
produce a sufficiently powerful induction to magnetise needles, 
placed near a circuit parallel to the first, situated in a cellar 
at thirty feet distance. However, neither of the two philo- 
sophers that we have named have solved the question that we 
have laid down. 

M. Marianini had endeavoured to solve it by means of the 
magnetisation of soft iron, substituted for the magnetisation of 
steel needles. He made use of the following apparatus. A 
sewing needle fecbly magnetised is suspended to a very fine 
silk thread, s0 as to remain horizontal. Bencath it, and upon 
a horizontal wooden plane, is fixed a small cylinder of iron, 
about three quarters of an inch longer than the needle, and 
surrounded along its whole length by a helix of copper wire, 
covered with silk. This cylinder is arranged perpendicularly 
to the needle, when the latter is in equilibrium. From this 
arrangement it is evident that if, by any cause, and in par- 
ticular by a current circulating through the wire, the cylinder 
should acquire magnetic polarities, the needle, being urged by 
forces all acting in the same direction, will be deviated more 
or less from its normal position, according to the energy of the 
acting cause. Many experiments having proved to Marianini 
that his instrument might also be employed to render sensible 
electro-magnetic currents, and currents produced by ordinary 
electricity, he called it a re-electrometer. After a detailed 
study of induction produced by means of electric discharges, 
which he termed Leydo-electric induction, M. Marianini ar- 
rived at results, some of which, such as those relating to 
induction of different orders, had already been obtained by 
Henry; and of which others belong to him exclusively. The 
following are the most important : — 

In general, the induced discharge has the same direction 
as the inducing discharge, every time the Leyden jar is of 
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tolerable capacity and is well charged; but, if the tension of 
the discharge diminishes, the dimensions of the jar remaining 
the same, or if the dimensions increase, the tension not 
changing, then the induced discharge has an opposite direction 
to that of the inducing discharge. We may also, with the 
same Leyden jar, produce the same change that is brought 
about by the diminution of the dimension of the jar, or that 
of its charge, by altering the conducting property of the 
inducing circuit; an alteration that is produced, either by 
greatly elongating the wire of which this circuit is formed, or 
by interposing in it liquid conductors. The learned Italian 
endeavoured to explain these results by distinguishing the 
induced current arising from the invasion of the discharge of 
the jar, from that arising from the cessation of this discharge ; 
and by admitting that the definitive induction is always the 
result of the difference between the effect that would be 
produced by the invasion alone, and that which would be 
produced by the cessation of the current alone. But why do 
the dimensions of the jar, its degree of tension, the greater or 
less degree of conductibility of the inducing circuit, determine 
a greater rapidity for the invasion or for the cessation? In 
other words, why do these circumstances cause that the in- 
duction, brought about by the commencing discharge, shall 
outmeasure that brought about by the finishing discharge ? 
This is the important point, which does not appear to us 
to be sufficiently cleared up by the researches of M. Marianini. 
We merely see that the causes that tend to diminish the 
rapidity of the discharge, tend to render predominant the 
inverse induction that occurs at the moment of its cessation. 
M. Matteucci, after having at first employed the mag- 
netisation of steel needles, as Henry did, afterwards made use 
of the galvanometer; and he found, contrary to what he had 
at first believed, that the distance between the inducing circuit 
and the induced circuit in no degree influences the effect of 
the induction, but merely its intensity. He had seen that 
this intensity depends, not only upon the distance, but upon 
the charge of the battery; and that the direction of the 
induced discharge is always the same as that of the inducing 
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discharge, if at least the induced circuit is continuous; for if 
it is interrupted, and a spark passes at the place where there 
is a rupture, the induced discharge is then the inverse of the 
inducing. M. Matteucci also arranged several spirals, one 
after the other, in order to have inductive currents of different 
orders. He constantiy found that, when the induced dis- 
charge becomes inducing, the discharge that it produces is 
the inverse of its own. But things change also if there 1s 
production of a spark in one or other of the circuits. În order, 
in this case, to determine properly the direction of the dis- 
charge, which is indicated but indifferently by the galvano- 
meter, as it is itself but little influenced, M. Matteucci em- 
ployed a process founded upon the experiment of the pierced 
card, in which the hole made by the spark on a piece of 
paper or a card is always near the point by which the 
negative electricity arrives: it is necessary that the two 
metal points be on different sides of the paper, aud at a 
certain distance from each other, which distance, in the ex- 
periments in question, was about in. By means of this 
process, combined with the employment of the galvanometer, 
M. Matteucci found that induction by the discharge of the 
jar is subject to the following law, namely, that when the 
inducing circuit and the induced circuit are both closed, the 
induced discharge is determined in a direction contrary to 
that of the inducing; that the same is the case if they are 
both open, 80 that there is a spark; but, if one of the two 
circuits, no matter which, whether the inducing or the in- 
duced, is closed, and the other opened, so that there is a spark, 
the induced discharge is constantly determined in the same 
direction as the inducing. The direction of the discharges 
or the instantaneous currents is indicated, when the circuit is 
open, by the position of the hole made by the spark in the 
paper ; and when :it is closed, by the movement of the galva- 
nometer. 

M. Riess employed the condenser to determine the direction 
of the induced discharge by putting the extremities of the 
conductor, in which the induction is brought about, in com- 
munication one with the upper, and the other with the lower 
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plate. But, in order thoroughly to study the mode of propa- 
gation of the induced discharge, M. Riess put in place of the 
conductor a metal disc covered with a thin coat of resin upon 
its two faces ; the two extremities of the induced wire arrived 
at two metal points, between which was placed the disc, on 
the surfaces of which the two electricities were diffused. The 
mixture of powdered sulphur and minium that is employed 
for producing the Lichtenberg figures is then projected suc- 
cessively upon each surface ; and, after numerous and varied 
trials, we succeed in recognising a very constant relation 
between the arrangement and the form of the spots left by the 
sulphur and red lead, and the direction of the induced dis- 
charge; a direction which the German philosopher found to 
be altogether independent of the intensity of the inducing dis- 
charge, of the distance of the induced wire from the inducing 
wire, and of the conductibility of either of the circuits. 
After having satisfactorily determined the constancy of the 
direction from the arrangement assumed by the mixture of 
the two powders, it was necessary to determine its direction. 
For this purpose, the employment of the condenser became 
necessary, and it was found that this direction was the same 
as that of the inducing discharge. However, M. Riess after- 
wards discovered, by fresh experiments, that his conclusion 
was too absolute, and that, although the arrangement of the 
spots indicates well enough that the nature of the electric 
movement, of which the induced wire is the seat, remains con- 
stantly the same, it does not always happen, atthough it is by 
far the most frequent case, that this movement produces the 
same effects as a single discharge would produce, sent in the 
same direction as the inducing discharge. 

We shall not detain ourselves with M. Knockenhauers 
method, founded upon the employment of thé calorific galva- 
nomceter, namely, upon the heating brought about by the 
induced discharge in the platinum wire of an electric thermo- 
meter, through which it is transmitted. M. Riess had already 
employed an analogous method; and he had deduced from it 
the calorific power of the indnced discharges, and the in- 
fluence of different causes upon this power; a subject to 
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which we shall return when studying in the Fourth Part the 
caloritic effects in general of electricity. But this method, 
proper enough for measuring the intensity of the induction, 
could furnish no data as to its direction, although M. Knock- 
enhauer had thought he was able, as we shall see in a moment, 
to deduce from it that the induced discharge has a direction 
which is constantly the reverse of that of the inducing dis- 
charge. 

It follows, from the rapid exposition that we have been 
making, that neither the magnetisation of steel, nor that of 
soft iron, nor the employment of the galvanometer, nor even 
that of the condenser, may be regarded as perfectly sure 
methods of determining the direction of the induced discharge. 
In fact, magnetisation, even that of soft iron, as M. Marianini 
remarked, depends not only upon the direction, but also upon 
the intensity of the magnetising discharge; the galvanometer 
is of difficult employment for the appreciation of instantaneous 
currents such as those in question; and we have just seen 
that Riess did not find the indications of the condenser always 
irreproachable. The pierced card that M. Matteucci em- 
ployed can only serve in the particular case in which the in- 
duced discharge gives a spark ; and the calorific effects are 
powerless for giving the direction of a current. However, 
the results obtained by these more or less imperfect methods 
present a great degree of scientific interest ; for they are well- 
observed facts, which, independently of the importance they 
possess of themselves, may put philosophers on the most 
proper road towards the solution of the question. 

This road seems to us to be that which M. Verdet, a 
French philosopher, has followed. His method depends upon 
the phenomenon known under the name of polarisation of 
electrodes. It is well proved by Mr. Wollaston’s experiments, 
and by those of Faraday, that an electric discharge of feeble 
tension is able to produce chemical decompositions; but 
other researches have further shown that a similar discharge, 
transmitted through a decomposable liquid by means of two 
wires or plates of gold or platinum, renders them capable of 
then producing of themselves an electric current sensible to 
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the galvanometer. This phenomenon, which also occurs when 
it is a current instead of a discharge that has produced the 
chemical decomposition, is called polarisation of the electrodes. 
The direction of this current, which we shall call secondary, 
varies with the direction of the discharge, as it does with that 
of the current: the wire by which the positive electricity has 
penetrated, called on this account the positive electrode, be- 
haves as the negative metal of the new pair; and that by 
which the negative electricity has penetrated, namely, the 
negative electrode, behaves as the positive metal The 
current that is produced by this pair, so formed of these two 
similar metals, but which have served to transmit the dis- 
charge, is stronger as the discharge itself has been more con- 
siderable ; but when very energetic currents are in question, 
it is not only the greater or less deviation which they impress 
upon the needle of the galvanometer, but the duration of the 
deviation, which varies with the intensity of the primitive 
discharge. However, for currents such as those at present 
under consideration, we may content ourselves with observing 
the galvanometric deviations, and deducing from their di- 
rections and their amplitude the direction and intensity of the 
secondary current, and, consequently, of the discharge that 
has produced this current, calling to mind that the direction of 
the secondary current and that of the discharge are always in- 
verse, and that their intensities are proportional to each other. 

M. Verdet, in his experiments, made use of flat spirals, the 
wires of which were insulated from each other with great care 
by silk and by a layer of gum-lac varnish. The spiral intended 
for receiving the inducing discharge was made with copper wire 
3 in. in diameter and 915 ft. in length, forming twenty-four 
spirals. The spirals intended for receiving the induced cur- 
rent, to the number of three, were made of wire ,4 in. in 
diameter and 1574 ft. in length, forming ninety-five spirals. 
AÏl the spirals were about 92 in. in diameter. The battery con- 
sisted of nine jars 105 in. in height by 6 in. in diameter. The 
battery was charged until a spark passed between two balls, 
the distance of which, measured by an adjusting screw to ;45 
in., served to measure the intensity of the discharge. 
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M. Verdet’s experunents led him to recognise that, when 
the induced circuit is entirely continuous, no traces of polaris- 
ation are obtained except by excessively powerful discharges ; 
the galvanometric deviations are only from 2° to 3°; and they 
indicate that the induced discharge has the same direction as 
the inducing. If, on the contrary, the induced circuit is in- 
terrupted in any place, 80 that there is a spark, the current of 
polarisation becomes very sensible, but the phenomena at first 
appear very irregular. Nevertheless, we easily recognise 
that the length of interval, traversed by the inductive spark, 
exercises a great influence upon the direction and the intensity 
of the induced current. In order to appreciate this in- 
fluence, M. Verdet made the inductive sparks pass between 
the lower extremity of a micrometer-screw terminated in a 
point, and the surface of a small mass of mercury insulated in 
a glass capsule. He observed that, when the direction of the 
induced current is such that the positive electricity comes out 
by the point, and consequently the negative arrives at the 
mercury, the direction of this current does not change, what- 
ever be the distance of the point from the mercury ; and its 
intensity increases with this distance. Moreover, the di- 
rection, in this case, of the induced charge, is similar to that 
of the inducing charge. Whenit is the point that is the ne- 
gative pole, and the mercury the positive, the induced current 
varies irregularly in direction and in intensity ; but setting out 
from a certain distance between the point and the mercury, 
the direction of the induced discharge becomes constant, and 
always identical with that of the inducing discharge. 

These results are very well explained, if we take care not to 
lose sight of the fact, that there are two induced discharges, 
the one inverse, the other direct; and that, if they are per- 
fectly equal, we should obtain no effect, This is what occurs, 
or nearly s0, when the induced current is entirely continuous. 
But if, by any circumstance, once of the discharges becomes 
more feeble than the other, we then obtain an effect the more 
considerable as the difference is greater, even when the total 
induction is much less. This happens if the induced circuit 
presents a solution of continuity. Why does this solution of 
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continuity favour the direct in preference to the inverse dis- 
charge, especially if the apparatus is arranged so that it is the 
positive electricity of the direct that passes out by the point ? 
It is probable that this is due to the property, possessed by 
positive electricity, of escaping more easily by points than 
negative does,—a property of which we shall see several 
more examples in the Fourth Part. It is true that, when it 
is the positive electricity of the inverse charge that is to come 
out by the point, it does not always, although it does some- 
times, get the advantage over the direct. [ imagine that this 
anomal y is due to another property, which we shall also study 
when engaged upon the propagation of electricity,— namely, 
that a current or a discharge passes more easily between two 
electrodes, after these electrodes have transmitted a discharge 
or a current the inverse of that which is about to pass. Now, 
the direct induced discharge is always preceded by the inverse 
discharge. It ought therefore, in general, to be transmitted 
more easily, viz., in a greater proportion, and, consequently, 
should surpass the other in intensity. When the two favour- 
able circumstances are united, it always is the superior ; when 
the latter alone exists, it is the superior or not, according 
to the relative preponderance of the two influential causes. 

M. Verdet, when studying the induced discharges produced 
by induced discharges themselves, arrived at similar results. 
The direction of the polarisation of the electrodes is constant ; 
it always indicates the superiority of the induced direct dis- 
charges ; but they do not become sensible, except as the in- 
duced circuit is interrupted. If it is continuous, there is no 
trace of polarisation. Ïn fact, in this case, all the induced 
currents, which are here to the number of four, because they 
are due to the inducing action of the two induced discharges 
themselves, are equal ; and as they are inverse, they mutu- 
ally destroy each other. But if there is a solution of con- 
tinuity, this causing the last direct current to predominate, 
there is then an effect. 

We see that, in respect to discharges, we arrive at con- 
clusions very similar to those to which M. Abria arrived when 
studying the induction produced by voltaic currents, — 
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namely, that the direction of the induction produced, either 
by instantaneous currents, such as the induced çurrents of 
superior orders, or by simple electric discharges, always 
depends upon the relative superiority of the induced currents 
or discharges; the one set inverse, the other set direct ; 
which leads us to recognise that, in these cases, the observed 
effect is not an absolute effect, but the difference between 
2, 4, or a greater number of almost simultaneous, induced 
currents. 

M. Knockenhauer, on the contrary, arrived, by a different 
method to that of M. Verdet, to conclusions completely 
opposite. The method employed by this philosopher con- 
sisted in making the inducing discharge and the induced dis- 
charge pass simultaneous]y through the platinum wire of an 
electric thermometer, by arranging the communication in 
two successive experiments, s0 that one of the discharges 
should traverse the platinum wire in the two opposite di- 
rections, the direction of the other remaining constant. The 
elevation of temperature indicated by the thermometer was 
not the same under both circumstances ; and, if we admit that 
the greater elevation corresponds to the case in which the two 
discharges pass in the same direction through the thermometer, 
the smaller to the case in which they pass in contrary di- 
rections, the experiments would assign to the induced dis- 
charge, contrary to M. Verdet’s results, a direction the contrary 
to that of the inducing discharge. 

In order that this conclusion may be accurate, it would be 
necessary that experiment should have demonstrated the 
accuracy of the principle upon which it rests; for nothing 
proves à priori that two equal currents, circulating in the 
same wire in opposite directions, produce a null calorific 
effect. Furthermore, M. Matteucci, by combining the current 
of a pile with the discharge of a Leyden jar, showed on the 
contrary that the calorific effects of these two modes of pro- 
ducing dynamic electricity are always added together, what- 
ever be the relative direction of the current and of the 
discharge. 

M. Knockcnhauer’s researches, which are remarkable more- 
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over by the great number of the experiments, had led him 
to consider the phenomena of electro-dynamic induction 
as simple effects of induction due to static electricity ; but, 
when the subject is more closely studied, it is impossible to 
confound these two orders of facts. The free electricity of 
the battery cannot be the cause of the induced discharge, 
which is simply due to the inducing effect of the electricity in 
motion; but it may, it is true, give rise to another electric 
movement that in no manner depends upon the direction of 
the principal discharge. This movement, to which the name 
of lateral discharge has been given, is an instantaneous decom- 
position of the natural electricity of the neighbouring con- 
ductors, in virtue of which the electricity that is contrary to 
the free electricity of the battery is attracted towards the 
inducing wire, and the similar electricity is repelled from it. 
A conductor, when subjected to induction, and consequently 
placed in the neighbourhood of the conductor. of a discharge, 
is always the seat of a lateral discharge that may, in certain 
cases, take the form of a true induced discharge We have 
the proof that, notwithstanding the appearance, there is no 
identity between these two discharges in the spark that may 
be drawn from the induced current, as well when it is opened 
as when it is closed, by an insulated conductor that is brought 
near at the moment when the principal discharge takes place, 
We then find the conductor charged with a similar electricity 
to the free electricity of the battery, conformably to the laws 
of the induction of static electricity. The direction of the 
induced discharge has no influence over this class of effects, 
which morcover are the more sensible as the tension of the 
electricity of the battery is stronger. 

These phenomena are due to the fact that the two surfaces 
of the battery which are made to communicate with each 
other by means of the conducting wire of a discharge, are 
almost always charged with very unequal quantities of elec- 
tricity. It hence follows that, at the moment of the discharge, 
there is on each point of the conducting wire an excess of 
free electricity acting by induction upon the neighbouring 
bodies. It is probable that to this excess of free electricity 
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the luminous appearance is due, which, as M. Poggendorff has 
observed, is presented by a wire that is transmitting the dis- 
charge of a battery. It appears illuminated along its whole 
length, and gives sparks perpendicular to this length. If the 
wire is bent into two parallel parts very near to each other, 
the outer side alone is luminous ; if it is in a helix, it is also 
the exterior of the helix, a further proof that the phenomenon 
is a phenomenon of static electricity. 

We now understand the nature of the errors of which the 
discharge may be the cause, in experiments upon induction, 
especially when the condenser is employed ; but M. Verdet 
satisfied himself that it has no influence over the polarisation 
of electrodes, and that, consequently, it does not involve in 
any inaccuracy the results obtained upon induced currents by 
this mode of investigation. In fact, the induced circuit being 
open, one of its extremities has been placed in communication 
with one of the platinum wires of the decomposition apparatus, 
the other communicating with the ground; and, however 
powerful the charge of the battery may be, there is no sensible 
polarisation where the discharge is made, although there is a 
powerful lateral discharge. This lateral discharge, which, as 
we shall see, plays a most important part, —a phenomenon 
known by the name of return-shock, and especially in light- 
ning-strokes, has been the object of study to several philoso- 
phers, and in particular to M. Riess, who found it intimately 
connected, in respect to its range, that is, in respect to the 
distance at which it occurs, and in general in respect to all 
the circumstances that accompany it, with the tension of the 
electricity in the battery, and the velocity with which this elec- 
tricity escapes. M. Matteucci, on his part, considers that many 
of the phenomena attributed to the lateral discharge are due 
to a veritable induction brought about in the surrounding 
bodies, and he quotes some curious facts tending to prove that 
even insulating bodies are susceptible of experiencing it. He 
found that plates of mica, interposed between several suc- 
cessive steel needles, diminish the magnetism that they ac- 
quire, in comparison with that producea from the same 
discharge in perfectly similar needles, arranged in the same 
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manner, except that there is not any mica between them. 
This effect of the presence of mica varies with regard to its 
absolute intensity with the distance of the needle from the 
wire that conveys the discharge. Whatever may be the 
case, it seems to be proved that, in the presence of au electric 
discharge, there is produced in the induced ambient body, 
and immediately afterwards destroyed, electric discharges 
that succeed each other in contrary directions, in very brief 
intervalss We shall return to this subject when we are 
studying, in a special manner, the mode of propagation in 
different media of dynamic electricity, either instantaneous or 
continuous. For the present we shall confine ourselves to 
explain further, and in a few words, the interesting results to 
which M. Riess arrived, in regard to the influence exercised 
by induction in the phenomenon of heating fine metal wires 
traversed by an electric discharge. He found in fact, that if, 
parallel to and near this wire, there is placed a second similar 
wire, the two ends of which are put into communication, the 
current induced in this second wire generally diminishes the 
calorific effect of the direct discharge upon the first, —a 
diminution that appears to be due to the retardation in ve- 
locity experienced by this discharge, and consequently in its 
heating power, which depends essentially on the promptitude 
of the electric escape. This influence of the induced current 
is modified by the length of the circuit that it traverses, 
having for a determinate length a maximum that cannot be 
exceeded. In fact, the prolongation of the secondary circuit 
produces a double result: in the first place of retarding the 
current that is developed by the discharge, and of thus in- 
creasing its reaction upon the principal wire ; in the second 
place, of enfecbling this current, and on the contrary dimi- 
nishing this same reaction. At first the former effect predo- 
minates, and the reaction is seen to increase ; but soon the 
secondary current is so enfeebled that its influence ceases 
more and more, until it becomes null beyond a certain length, 
which is equivalent to a complete interruption of the circuit. 
M. Riess did not confine himself to determining the reaction 
of the induced discharge upon the direct discharge ; but he 
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also made, as we have already said, a very special study 
of the induced discharges themselves, employing for the 
purpose of measuring their intensity the heat produced in the 
very fine platinum wire of an electric thermometer, through 
which they are transmitted. This mode of operating could 
not give M. Riess the direction of the induced discharge ; but 
he found, by the magnetisation of a steel needle, that this 
direction is the same as that of the inducing discharge. How- 
ever, he recognised that the duration of the magnetisation 
impressed upon a needle by a secondary discharge may vary 
with circumstances independent of the direction of this dis- 
charge, as occurs in Savary’s experiments for direct dis- 
charges. Furthermore, with regard to the intensity of the 
induced discharge, measured by the calorific effect, it is pro- 
portional to that of the inducing discharge, and to the effica- 
cious length of the wire by which this discharge is conducted ; 
but it is in inverse ratio to the distance of the two wires, and 
independent of the conductibility of the induced wire. The 
influence of interposed conductors upon the calorific effect of 
the induced current is very sensible, whether this conductor 
is a metal wire, the two ends of which are connected, or a 
plate, that is a very good conductor, either by its nature or 
its thickness. The interposition of a copper disc, 16 inches 
in diameter and ;!, in. in thickness, completely annihilated the 
effect of heating in the induced wire, although the inducing 
discharge was produced by four highly charged jars. Riess 
found that in general the intensity of the current in the 
secondary wire is the more diminished as the thickness of the 
interposed plate is greater. 

To sum up, it follows from all the numerous researches 
made upon induced discharges, that this is a very complex 
phenomenon, and is influenced, in all the circumstances 
essential to its existence, by the very mode that is employed 
for determining it; on which account this determination is 
very difficult. However, we may reduce it to this very 
simple form, namely, that a discharge determines in a con- 
ductor that is near to the one by which it is transmitted, two 
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induced discharges, having the first a contrary direction, and 
the second a similar direction to that of the inducing dis- 
charge ;—that these two opposite discharges succeed each 
other in an interval of time of inappreciable duration ; — that 
they nearly neutralisc each other if the induced circuit pre- 
sents no resistance, but that if the circuit is interrupted either 
by a fine wire that is hcated, or by an interval that gives rise 
to a spark, then one of the discharges surpasses the other, 
and it is generally the latter, namely, the one that travels in 
the same direction as the inducing discharge. The cause 
of this superiority is essentially due to the conditions of 
the circuit, which more facilitate the transmission of elec- 
tricity in one direction than in the other; it is also due to 
the fact that the direct discharge being the second, the causes 
that retard in general the propagation of electricity, must act 
proportionately with less force upon it than upon the former. 
However, we must not disguise that this manner of explaining 
the phenomena of the induction, produced by discharges or 
instantaneous currents, is not that adopted by several German 
philosophers, and in particular M. Dove. This philosopher, 
and others also, especially M. Weber, hold different views of 
this order of phenomena, and do not think that they can be re- 
duced to such simple laws.  Probably they are not altogether 
wrong. Further, we may judge of this by the explanation, 
unfortunately but a brief one, that we arc about to give of 
their researches. 


Influence that is evercised upon Induction by metal Masses, prin- 
cipally magnetic, placed in the Interior of Bobbins. 


It remains for us, in terminating this Chapter, to study for 
a few moments a point that we have merely alluded to, 
namely, the influence that is exercised upon discharges, 2s 
well as upon induced currents, by the nature and arrangement 
of the metal masses that are introduced into the interior 
of the helices, intended for the production of induction. 
This influence is manifested by the modification that it ex- 
ercises over the properties of induced currents. It is further 
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manifested, and is explained by the production of induced 
currents occurring on the surface itself of these masses, when 
they are continuous, and not formed of isolated pieces, in a 
greater or less number, and particularly on the surface of 
magnets. 

M. Dove made a very special study of this subject. With 
this view, he successively employed currents and discharges 
to produce induction, and arrived at perfectly concordant 
results. Laying down the position that, in a current, namely, 
in the neutralisation of two contrary electricities, we must 
distinguish two elements, the original intensity of these two 
electricities, and the time that their neutralising lasts ; or, 
which comes to the same thing, the force of the current and 
its duration, he succeeded in recognising that, according to 
the nature of the effects produced, one of these elements exer- 
cises a greater influence than the other. If the magnetic, 
chemical, physiological, and calorific effects of an electric 
current depended equally on its force and on its duration, 
the equality recognised between currents for one of these 
classes of effects would have equally occurred for the three 
others. But things do not occur in this way. The differ- 
ences that are observed between the effects of two currents, 
arising from the neutralisation of equal quantities of electri- 
city, must therefore be attributed to a difference in the 
duration of this neutralisation. These differences are es- 
pecially sensible when the galvanometric and chemical effects, 
that are proportional to each other, are compared with the 
physiological effect. Now this latter is by no means propor- 
tional to the deviation of the needle nor to the quantities of 
gas given by the voltameter ; it is not, like the two others, a 
product of the duration by the force ; it only depends on this 
latter, and increases gonsequently with the rapidity of the 
neutralisation. Thuüs it is that the same discharge of a 
Leyden jar, which violently shakes the body, and does not 
cause the needle to deviate, may, if it is slowly drawn off by 
a point, affect a galvanometer, the coils of which are well 
insulated, and not produce any shock upon the human body 
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placed in its route. It is, however, the same quantity of 
electricity in both cases. The property possessed by the 
electric current, of magnetising tempered steel, is of the same 
order as its physiological effect. If, therefore, there are two 
currents developed in the same conductor, —and that these 
currents produce the same deviation in the galvanometer,. 
and that one determines a more powerful physiological effect 
and more vivid sparks than the other, and communicates 
more powerful magnetisation to steel, we must conclude from 
this that the same quantity of electricity is moved in less 
time in the former than in the latter; and reciprocally, when 
the physiological and magnetising effects of the two currents 
shall be the same, that one of the currents whose effect shall 
be the least upon the galvanometer will merely have existed 
for a shorter space of time, still being however of the same 
intensity. 

These differences, which distinguish in a striking manner 
the phenomena of the electricity of common friction machines 
from those of voltaic electricity, are no less sensible when we 
compare inductive currents one with the other, and when, 
without making any change in the induced circuit, we con- 
fine ourselves to modifying the nature and the mechanical 
aggregation of the metal masses that are placed in the helix; 
a modification that is sufficient to produce a considerable one 
in the properties of the induced currents themselves. 

We have already remarked that, in magnetising bundles of 
iron wire by the electric current traversing the wire of a 
helix, we obtain much more powerful shocks than when we 
use a cylinder of solid iron. M. Dove, in order to establish 
an exact comparison between the physiological action and the 
galvanometric action, in respect to the influence that is exer- 
cised upon each of them by the nature and the state of the 
iron that is employed, made use of two perfectly similar 
helices made with thick copper wire, and traversed succes- 
sively by the same voltaic current. These helices acted, by 
induction, upon a helix superposed on each of them. These 
new helices, made with a much finer wire, communicated 
together by one of their extremities; s0 that the direction of 
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the inductive current in the one was opposed to that of this 
current in the other. The two free extremities of the system 
of two helices were furnished with handles, which permitted 
of completing the circuit by the intervention of the body or 
by that of the galvanometer. In both cases, the two in- 
ductive currents being inverse, neutralised each other. It 
was no longer the same when wires or masses of iron were 
introduced into the interior of each helix. M. Dove, after 
having successively introduced into one of the helices cylinders 
made of forged iron, of different kinds of cast iron, of tempered 
steel, placed at the same time in the other the number of 
wires necessary for rendering null either the galvanometric or 
the physiological effect. He thus determined the number of 
wires necessary for establishing the compensation or the equi- 
librium between the induced current for the bundle of wires. 
This number was different according as the current was ap- 
preciated by its effect upon the galvanometer, or by its effect 
upon sensation. Thus, with forged iron, 110 wires were not 
sufficient to establish galvanometric equilibrium; 15 were 
sufficient to establish it for sensation ; with tempered steel, 28 
were required in the former case, 7 in the latter; with grey 
cold blast iron, 27 and 11. Analogous results were obtained 
with a differential galvanometer, the two wires of which were 
traversed each by one of the inductive currents. The latter 
having been rendered equal with regard to their action upon 
the galvanometer, they were not so with regard to physio- 
logical action; the superiority for this latter kind of effect 
belonged to the one that came from the helix in which were 
the iron wires With regard to the different kinds of iron, 
experiment shows that, if we class them according to their 
galvanometric effect, we obtain a different series from that to 
which we arrive in classing them according to their physio- 
logical effect. Thus this latter effect depends, not only upon 
the discontinuity of the mass, but also upon the nature itself 
of the iron. Thus, by combining the two causes, we arrive 
at finding soft iron wires of a certain diameter capable of com- 

nsating the action of a cylinder of a certain kind of iron as 
well in relation to the galvanometer as in relation to sensation. 
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This double result was obtained, for example, with twelve wires 
of about 1 in. in diameter, and a cylinder of grey smelted cast 
iron. Furthermore, the influence of the nature of the iron is 
itself probably due to some difference in the molecular con- 
stitution of the mass. Thus, grey rough cast iron is of all 
kinds of iron the one that approaches the nearest to bundles 
of wires with regard to the effect of induction, its physio- 
logical action being relatively greater than might be expected 
from the intensity of the current developed in the galvano- 
meter. This result would seem to indicate that, in this cast 
iron, the part of the iron susceptible of magnetisation does not 
form a continuous mass, which accords with M. Karsten’s 
chemical rescarches. 

The experiments made by means of the magnetisation of 
steel, and by comparing the vividness of the sparks, have 
confirmed the preceding results, and have also demonstrated, 
in a general manner, that in an inductive current, developed 
by employing a bundle of wires, the same quantity of electri- 
city moves in less time than when it is the result of induction 
produced by a solid cylinder. Tubes, substituted for the 
iron, act like forged cylinders, and completely nullify the 
effect of wires placed in their interior, except in the case 
where they are traversed by a longitudinal slit; for, in 
that case, the introduction of a certain number of iron wires 
increases the physiological effect, but in no way modifies the 
action upon the galvanometer, which in consequence appears 
to arisc only from the iron envelope. In the experiments in 
question, the tubes were hollow cylinders of the dimensions of 
a gun-barrel: the results are not the same when tubes of 
thin sheet iron are employed. The wires act through these 
tubes, quite closed as they are, so as to increase the galvano- 
metric effect, and even proportionately more than the physio- 
logical effect. But if the thin tube is slit longitudinally, the 
result is the inverse, and the introduction of the wires causes 
a greater increase in the physiological effect than if they were 
placed in a closed tube. 

Closed or unclosed conducting envelopes, such as an in- 
sulated wire, wound to a helix around a tube of card in 
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which the iron is placed, and the two ends of which are con- 
nected or insulated, such again as a tube of brass closed or 
slit lengthwise, produce effects that are perfectly in accordance 
with those that we obtained when employing iron wires or 
solid cylinders. The closed helix and the continuous brass 
tube diminish the action of a bundle of iron wires which they 
surround, s0 as to render this action similar to that of a solid 
iron cylinder, and even inferior to it, although it was very far 
superior before the wires were thus enveloped. The tube 
split lengthwise produces thus a less reduction of force than 
the closed tube, but a little more considerable than a helix, 
the extremities of which are not united. By closing the 
circuit of the split tube by means of the wire of a galvano- 
meter, we may prove the existence of the induced current, 
These experiments show that the difference we found to exist 
between the action of a bundle of iron wires and that of a 
solid cylinder is essentially due to the currents of induction 
being enabled to be set up on the surface of the cylinder. 

From ail the facts that we have described, it follows that 
the diversity of effects manifested by the currents of induction 
is due to a difference in their duration, and not to a difference 
in their energy. The metal envelope that surrounds a bundle 
of wires or the continuous surface of a solid iron cylinder 
does not enfeeble the action of induction, but retards it. This 
retardation has no influence on the galvanometer needle, upon 
which the effects of the current are accumulated, an operation 
for which duration is of no importance; l'ut it greatly dimi- 
nishes the physiological effect and the magnetising action. 
It is to the same cause we must attribute the fact, that the 
sparks and shocks produced by the extra current, namely, by 
the current induced upon itself in a helix, the axis of which 
is occupied by a bundle of iron wires or by pieces of solid 
iron, disappear almost entirely when the wires or pieces of 
iron are placed in a closed brass tube. But it is not the same 
if the brass tube is opened. The end of a gun-barrel produces 
the same results, when closed and open, as does the brass 
_ tube; only with the closed gun-barrel there is still a feeble 
shock. 
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À very important remark made by M. Dove, and the 
accuracy of which I have often had the opportunity of 
proving, is, that the effects are greatly increased, all other 
circumstances remaining the same, by reversing the polarity 
of the iron, whatever it may be that is in the interior of the 
helices, by means of a change in the direction of the current. 
This result is due to the fact, that iron, even the softest, 
always preserves a certain amount of magnetic polarity, even 
when the magnetisation has ceased, if at least it has been pro- 
longed for a short time. It follows that the inductive current, 
produced by the rupture of the circuit, is less powerful than 
if the magnetisation at this moment ceased entirely. But, by 
reversing the polarity, we necessarily obtain this result. In 
general, the most powerful effect of induction belongs to the 
metal whose magnetic state experiences the greatest change. 
The indications of the galvanometer are, in this case, ana- 
logous to those resulting from sensation. Many examples 
show that, if we did not take into account this principle of the 
increase of energy by the reversal of polarity, it would be im- 
possible to compare together different sorts of iron. Thus 
soft steel and tempered steel, when their polarity is reversed, 
surpass all kinds of cast iron ; and these in their turn, when 
their polarity is reversed, have all a greater energy than soft 
steel and tempered steel. It is the same with the different 
species of cast iron in respect to each other, and with bundles 
of iron wire. 

After having employed electric currents, M. Dove em- 
ployed discharges for producing induction, with a view of 
determining the influences that may be exercised upon in- 
duced discharges by the introduction of all kinds of metals. 
The apparatus that he employed, and which he termed the 
differential inductor, consisted of two helices made of two thick 
copper wires, and wound upon two glass tubes 13 in. long by 
1 in. in diameter. The spirals of these wires were insulated 
with great care by means of a thick coat of gum-lac. Two 
other larger helices, but perfectly similar to each other, wound 
in the same direction around a tube of card, and consisting 
of the same number of convolutions, received in their interior 
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the first-named helices. The latter transmitted the discharge 
of a battery of Leyden jars, which traversed successively the 
two wires. There resulted from this an induced discharge in 
the two enveloping helices. Of the four ends of these helices, 
two, belonging each to a different helix, were placed in com- 
munication by a conductor, and the two others served to 
transmit the induced discharge through the human body, the 
wire of a galvanometer, a magnetic spiral, or a voltameter. 
By the arrangement of the apparatus, we could at pleasure 
introduce into the interior of the helices solid cylinders or 
bundles of wire. This apparatus, although essentially in- 
tended for induction produced by discharges of common elec- 





Fig. 154. 


tricity, may serve equally in the cases where voltaic currents 
are employed instead of discharges (Fig. 164.). 
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The helices of the induced circuit may be united, s0 that 
the two induced discharges travel in the same direction, or so 
that they travel in the contrary direction. In the latter case, 
they completely neutralise each other, so that if the intro- 
duction of any substance in the interior of one of the helices 
modifies in any way the induction brought about in that 
helix, it is immediately perceived, because the neutralisation 
no longer occurs, and one of the induced discharges surpasses 
the other. Unfortunately, the galvanometer, the chemical 
voltameter, and the magnetisation of soft iron, are in no degree 
influenced by the instantaneous current of the induced dis- 
charge, so that we must have recourse to other means for 
estimating it, namely, to the shock, and to the magnetisation 
of steel needles. M. Dove made use of the physiological 
shock, which, by its degree of intensity, indicates by how 
much one of the instantaneous currents is superior to the 
other; but, in order to obtain the definitive direction of the 
current, and to discover which of the two helices gives a 
superior current to the other, he employed M. Riess’s method, 
namely, a condenser and figures traced by the two electricities 
upon cakes of resin, placed between the two extremities of 
the induced wire. By operating thus, he found that the phy- 
siological effect of the inductive current, developed by the 
discharge of the jar, is enfeebled by the introduction into the 
bobbin of non-magnetic metals, and the more so as they 
are better conductors. This diminution, therefore, is much 
less for antimony, bismuth, and lead, than it is for copper. The 
effect of these cylinders is the same as that of helices whose 
two ends are united; it is then the result of the reaction 
exercised upon the secondary circuit, by the instantaneous 
currents developed upon their surface. Thus, tubes cleft 
longitudinally, and bundles of wires, diminish much less the 
effects of induction than do continuous cylinders. Forged 
tron, tempered and untempered steel, grey or white cast iron, 
equally diminish the physiological effect by their intro- 
duction: but it is not the same with bundles of insulated 
tron wire; there is then, on the contrary, an augmentation. 
The condenser in this case indicates that the instantaneous 
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current has travelled in the inverse direction to the preceding 
case,—a proof that the introduction of the wires does not 
weaken, but increases the effect of the induction. If the 
bundle of iron wires is enveloped by a continuous surface of 
copper, it then acts as a solid cylinder and diminishes the 
action. It is the same if it is surrounded by a wire, coiled as 
a helix, and having its two ends united ; but it is necessary 
that the wire be a good conductor. A solid mass of nickel 
increases the induction, and acts like a bundle of iron wire: 
this is probably due to its feeble degree of electric conducti- 
bility, joined to its great magnetic virtue, 

What we have been saying is sufficient to establish satis- 
factorily the difference existing between induction produced 
by discharges, and that produced by continuous electric 
currents, at the moment when they cease to pass. The phy- 
siological effects, far from diminishing, actually increase, by the 
introduction into a helix of a piece of iron of any kind ; it is 
true that they increase more, if the mass of iron presents so- 
lutions of continuity parallel to the axis. With regard to the 
galvanometric effects that are appreciable in this case, we 
may remember that they are more sensible with solid cylin- 
ders than with bundles of wires; and that solutions of con- 
tinuity in the cylinders or an envelope around the wires, in 
no degree modify their action: nor does the introduction of 
non-magnetic metals into the interior of the helices produce 
in this case any effect. 

If, instead of employing the physiological effects for study- 
ing the induction produced by discharges, we employ the 
magnetisation of steel needles, we find that, far from weak- 
ening the action, the introduction of a mass of any kind of 
iron into the interior of a helix sensibly augments it: but the 
more 80, it is true, as this mass is the more divided parallel to 
its axis; this is exactly what is found with currents. Thus, 
when referring to the magnetisation of steel needles, the 
continuous current and the discharges of batteries present 
phenomena altogether similar, which is not the case with 
physiological effects. Calorific effects are, like these latter, 
diminished by the introduction of iron, whatever be its form ; 
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it is the reverse of this when the induction is produced by a 
continuous current, instead of being by a discharge. 

To sum up, when we operate with ordinary electric dis- 
charges, the introduction of a solid of iron into one of the 
helices of the differential inductors enfeebles the physiological, 
the calorific, and the tension or electroscopic action of the 
discharge, but increases its effect of magnetisation. 

It increases all the effects, without distinction, when voltaic 
currents are employed. 

The introduction of the bundle of iron wires acts like the 
solid mass with voltaic currents. It also increases, in the case 
of electric discharges, all the effects save the calorific, which 
it diminishes. 

Finally, when, in order to magnetise iron, instead of em- 
ploying currents or discharges circulating in a helix, we 
bring a magnet near to it, we do not increase the current of 
induction by dividing the iron into wires; neither do we see 
it diminish, when these wires are surrounded by a conducting 
envelope. This is because magnetisation by the magnet does 
not, like that by the helix, determine inductive currents around 
the surface of the magnet or the envelope, and as it consists 
only in producing magnetic poles. 

M. Dove concludes, therefore, from all his experiments, 
that we must distinguish, in all effects relating to the influence 
exercised upon induction by the introduction of masses of 
metal into the interior of the helices, two distinct pheno- 
mena : 

1. Those that are due to the magnetic polarity acquired 
by these masses when they are susceptible of becoming mag- 
netised. 

2. Those that are due to induced currents developed 
around their surface more or less easily according to their 
degree of conductibility, and their greater or less continuity. 

Magnetic polarity is not developed instantaneously ; but, 
when the primitive current is of a continuous nature, the 
magnetism has all this time to attain its maximum, and its 
inducing action easily surpasses the contrary action exercised 
by the currents that are induced by the rupture of the primitive 
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circuit around the surface of the iron. Every thing that can 
prevent the development of these currents increases still 
more the effect that is due to the magnetism. On the con- 
trary, when the inducing current is only instantaneous, like 
the discharge of a battery, the magnetism not having time to 
develope itself entirely, the direct induced currents that occur 
at the moment when the discharge ceases, get the advantage 
over the contrary action due to the magnetism that is disap- 
pearing. We can here understand also that, by preventing 
the formation of the currents either by the employment of 
metals of very feeble conducting powers, as nickel, or by 
reducing them into wires of very small diameter, we may 
entirely invert the phenomenon by making the effect due to 
polarity predominate over the effect that has become null or 
almost null, arising from induced currents. But these con- 
trary actions are not in equilibrio at the same time, for all the 
kinds of effects, because these effects are each a different 
function of the quantity of electricity set in motion in the 
induced current, and of the duration of this current, which 
itself depends on the retardation produced by the current 
induced around the surface of the interior metal. 

M. Dove conceived the idea that, by preventing the in- 
duced currents from forming around other metal masses, 
besides masses of non-magnetic iron, by dividing them with 
this view into very fine wires, he might probably make them 
perform in induction a part analogous to that of iron wire 
approaching it in intensity, and thus discover among them 
traces of magnetism, if any existed in them.  Antimony, 
lead, bizmuth, tin, zinc, and mercury gave some, as did also 
brass, but it was necessary to make it into very fine and 
well-varnished wires: the current came from the helix in 
which was placed a packet of them, the other containing 
nothing. We may find a certain diameter of the wires such 
that they compensate each other, namely, for which the 
effect of the induced current, circulating around the surface, 
neutralises the effect of the magnetic polarity of the wire. 
The mercury was placed in very fine glass tubes, closed with 
wax, and sealed at the two ends. All the other wires were 
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covered with a coat of gum-lac varnish, so as to be insulated 
from each other. We should add that, except for the copper, 
zinc, and mercury, it was not perfectly certain that the metals 
contained no iron. Moreover, we shall see in the following 
Chapter proofs of another kind that magnetic power is much 
more general than it was for a long time suspected, and that 
all bodies possess it in different degrees. 

It still remains for us to speak of the special study made 
by M. Dove on inductive currents, that occur at the com- 
mencement and at the end of a primary current, in the 
conductor itself that transmits the current ; he termed these 
currents counter currents, to distinguish them from jurta- 
currents, that occur in circuits parallel to the inducing circuit. 
With this view he employed a magneto-—electric machine, 
analogous to that of Saxton, in order to produce the primary 
currents, which were naturally instantaneous. À small helix, 
the spirals of which, by reacting upon each other, produced 
counter-currents, was placed in the circuit. The apparatus 
was 80 arranged that the circuit might be closed in four 
modes: 1. So as to seize the primary current without the 
helix being in the circuit; 2. So as to seize it, the helix 
being in the circuit, consequently with the two counter- 
currents, the initial and the final, opposed ; 3. So as, having 
the helix alone in the circuit, to obtain only the final counter- 
current; 4 So as, the helix being in the circuit, to obtain 
only the primary current and the initial counter-current. 
Calling p the primary current, A the initial counter-current, 
and E the final counter-current, we obtain, in the first case, 
p; in the second, p — À + E (the second counter-current 
being in the same direction as the primary); in the 
third case, E alone ; and in the fourth, 2 — A. In all these 
cases, experiment showed that the counter-currents were 
subjected to the same influences by the effect of the intro- 
duction of metal masses, whether magnetic or not, whether 
divided or not, as are juxta-currents or ordinary inductive 
currents. The circumstances that cause À and E to vary 
were carefully studied, by the aid of physiological effects, of 
the galvanometer, and of the chemical voltameter, so as to 
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be able thoroughly to learn the action of p— À, and the more 
complex action of p — À + E. Now, the most interesting 
result of this work is, that the circumstances that cause A to 
vary are not always the same as those that make E vary ; s0 
that À and E, although counter-currents arising from the 
same primary current, are not generally equal. This ex- 
plains why, in the phenomena of induction, produced with 
ordinary electricity, À and E are not completely neutralised, 
as the short duration of the primary current p might have 
induced us to believe. 

The phenomena discovered by M. Dove seem, in general, 
to be but little favourable to Ampère’s hypothesis of the 
nature of magnetism; in fact, if a magnet is composed of an 
assemblage of electric currents, circulating around its surface, 
how comes it that induction, by exciting similar currents on 
the surface of an iron cylinder, counteracts the effect that the 
magnetic virtue of this same cylinder tends to produce ? 
For this, there must needs be opposition between these two 
kinds of action: whence it follows that one cannot be the 
cause of the other; the electric current and magnetic po- 
larity, developed in iron by electricity in motion, are there- 
fore two distinct agents, capable, sometimes the one, sometimes 
the other, of becoming superior ; being able exactly to pro- 
duce equilibrium under certain circumstances, but always 
counteracting each other. It is true that Ampère supposes 
that the currents, to which the polarity is due, are molecular, 
which establishes a great difference between them and the 
finite currents that are produced by induction around the 
surface of magnets. In this case, a bundle of wire, mag- 
netised by the current that traverses the helix, approaches 
the nearest possible to Ampère’s solenoïid. But, in order to 
represent a magnet, the conducting envelope would be ne- 
cessary, the absence of which establishes s0 great a difference 
between the action of a bundle and that of a solid mass of 
iron. In other respects, theory and experiment have proved 
that, whether molecular or not, the currents of which a 
magnet is constituted behave like an assemblage of closed 
circuits, circulating around its surface. How, then, can it 
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happen that these currents, instead of favouring, oppose the 
effect of similar currents produced by induction ? 

In order to resolve this difficulty, we must, in fact, admit 
that there is a very great difference between Ampère’s mo- 
lecular currents that produce magnetisation, and the finite 
currents that traverse a conducting surface. This difference 
consists essentially, as we think, in that the molecular cur- 
rents pre-exist in the particles of the magnetic body, even 
before it is magnetised ; and that magnetisation only displaces 
the particles, so that all these currents have the same di- 
rection,—the given direction, according to the laws of electro- 
dynamics. This displacement of molecules is analogous to 
that of a movable conductor traversed by a current, and 
upon which an exterior attractive force is acting. We have 
already seen that all circumstances, and especially the calorific 
and mechanical actions, that favour magnetisation, whatever 
be the cause producing it, are favourable to this sopinion. 
But the inductive current is quite another thing ; it is a current 
that, by the effect of an exterior cause, circulates instan- 
taneously upon a surface, as would any other current to which 
it might serve as a conductor, and this without displacing the 
particles. The mode of the establishment, as well as the 
duration of these two species of currents, must be very 
different. We may, therefore, very well conceive how the 
primitive discharge, by acting directly upon the iron, compels 
the molecular currents to arrange themselves parallel to its 
direction, and in the same direction with it; and how this 
same discharge produces a secondary current in the exterior 
helix, and finally, by induction, an instantaneous current 
upon the surface of the iron. This current reacts upon that 
of the induced helix, by developing in it one moving in a 
contrary direction to that which 1ïs traversing it; it di- 
minishes, therefore, the power of this latter, as experiment 
proves, but it diminishes it only for effects that require a 
great velocity in the circulation of the discharge. With 
regard to the molecular currents that constitute magnetisation, 
they must tend, not to diminish, but to augment, the effects 
of induction in all cases, since they augment only the first 
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effect of the primitive discharge, seeing that they do not 
disappear sufficiently quickly to produce a second inductive 
current opposed to the first. It is easy now to understand 
why, on making the superficial currents disappear by the 
mechanical division of the mass, still, however, preserving the 
molecular currents that constitute magnetisation, we in all 
cases add force to the inductive current, the cause tending 
to diminish it being no longer there. There is but a single 
exception ; it is relative to the calorific effects, and is duc, 
probably, to the fact, that, as magnetisation is not brought 
about instantaneously, it prolongs the duration of the induced 
discharge, still, however, increasing its intensity ; —a double 
contrary action, the result of which is to diminish the calorific 
power, upon which, as we shall see, the velocity of the dis- 
charge has an influence proportionately greater than its in- 
tensity has. 


General Considerations on Induction. 


We shall not terminate the Chapter on Induction without 
speaking of the works of the two German philosophers, MM. 
Weber and Neumann, who have taken up this subject in a 
general manner in endeavouring, both by means of experiment 
as well as by calculation, to connect the phenomena of induced 
currents with the laws by which electro-dynamic actions in 
general are governed. M. Weber, in an important work”, 
has treated this question in a very profound inanner ; and in 
particular has made some interesting approximations between 
the effects of induction, resulting from the relative movement 
of a conductor and a magnet, and the mutual action of a 
magnet and a current. We shall quote, as an example, the 
following experiment, which is a modification of one of 
Faraday’s : — 

The English philosopher, as the result of a series of ex- 
periments, had been led to observe that an induced current 
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may be developed in the metal substance of the very magnet, 
that is employed for producing the induction. He first fixed 
a copper disc to the extremity of a magnet, separating it from 
the metal by paper interposed ; the magnet and the disc were 
set in rotation together, and the ends of the galvanometer 
come, one to the centre, the other to the circumference, of 
the disc. The direction and intensity of the current were 
the same as if the disc alone had been made to rotate, the mag- 
net remaining stationary. By enveloping the magnet towards 
one of its extremities with a cylinder of brass, which covered 
it nearly to the middle of its length, but which, by means of 
interposed paper, had no metal contact with it, still remaining 
solidly fixed to it, the same effects were obtained as with the 
disc, namely, the same as if the cylinder alone had rotated, 
and the magnet had remained at rest. Finally, by plunging 
the magnet itself vertically in mercury to about the half of 
its length, and making it rotate rapidly upon its axis, a 
current was obtained, when one of the ends of the galvano- 
meter was introduced into the mercury, and the summit of 
the magnet was touched with the other, by means of a small 
cavity, filled with mercury, that is formed in the centre of its 
upper surface, and into which the extremity of the galvano- 
metric wire penetrates. The current has still the same 
direction; a proof that the surface itself of the magnet here 
plays the same part as was played, in the preceding ex- 
periment, by the brass cap with which it was covered. 
- However, we may to a certain point attribute the effect 
observed to the induction exercised by the central parts of 
the magnet upon the surface of the ambient mercury. 

M. Weber’s experiment differs from those of Faraday in 
that the magnet, being arranged s0 as to rotate on its hori- 
zontal axis, carries a metal disc, through which it passes 
tightly, and which can be slipped so as to be placed upon 
different sections of the magnet. This disc is plunged by its 
lower part in a cup full of mercury, into which is inserted 
one of the ends of the galvanometer wire, whilst the other 
communicates with the axis of the magnet itself (Fig. 155.) 
On making the magnet rotate upon its axis, a continuous 
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current is obtained, the direction of which depends upon that 
of the rotation, and the intensity of which varies propor- 





Fig. 155. 


tionately with the velocity of this rotation. But the intensity 
depends also essentially upon the power of the magnet, and 
especially upon the distribution assumed by the magnetism in 
it: for it greatly changes, according as the magnet that 
serves for the operation is subjected or not, at its two ex- 
tremities, to the action of the contrary poles of two powerful 
auxiliary magnets that are brought near to it The length 
of the space on the surface of the magnet, and parallel to its 
axis, has no sensible influence over the force of the current. 
For this force is the same when, the brass disc being fixed at 
one or other of the two extremities of the magnet, the end of 
the galvanometer not in communication with the disc is 
placed in contact with the north end and with the south end, 
that is to say, with that which is nearest to, or with that 
which is most distant from, the disc. However, the absolute 
effect is less considerable in this case, than it is when the 
brass disc is in the middle of the magnet. 

It is difficult for us to admit, with Weber and Faraday, 
that the induction currents, which are produced in the pre- 
ceding experiment, are upon the surface of the magnet in 
rotation ; there can, in fact, be no induction by the influence 
of the magnet that is rotating upon points of its own surface, 
which all preserve during the motion the same relative position 
in respect to the axis, and especially in respect to the magnetic 
poles. In the same manner ss, in the experiment of the 
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rotation of the magnet on its axis, under the influence of 
electric currents, that are traversing it, the cause of the 
motion rests solely (p. 259.) in the action of the portion of the 
circuit which is independent of the magnet, and consequently 
immovable ; so likewise in the present instance the induced 
current can be produced in that part alone of the conductor 
which does not participate in the motion of the magnet. The 
fact that the direction of the current depends alone on that 
of the rotation, and that it is independent, as well as the 
intensity is, of the part of the surface which is in communi- 
cation with one of the extremities of the fixed conductor, 
whose other extremity is at the end of the axis, shows clearly 
that the effect observed is the result of the inductive action 
exercised upon the conductor by the collection of currents, of 
which, according to Ampère’s theory, the magnet is constituted; 
a phenomenon altogether analogous to what occurs, according 
to Faraday and Nobili, in a metal dise, above or beneath 
which a magnet is made to rotate. 

Further: M. Weber himself, in including under a self-same 
theory the phenomenon of static electricity and those of dy- 
namic electricity and of induction, has endeavoured to show 
that the latter were the consequence of the movement of 
translation of the electric particles, which give rise to four 
forces (two attractive and two repulsive) in the case of two 
conductors each traversed by a current, itself composed, ac- 
cording to M. Weber, of elementary currents, the one of 
positive, the other of negative electricity. In considering the 
electro-dynamic action of two elements as the resultant of 
four forces, he was led by this idea, which had already been 
put forth in a very ingenious manner by Professor Prevost 
of Geneva*, to the same formula that Ampère had found 
for expressing the mutual action of the two elements of the 
current. In order to explain induction, M. Weber supposes 
that an element of the conductor without a current is moved 
in presence of a fixed conductor, traversed by a current 
The same four forces are in this case in action, only the 
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velocity of the electricities in the induced conductor, instead 
of being that of a current, is that of the conductor itself ; it is 
thus the same, and occurs in the same direction, for the two 
electric fluids, instead of being in a contrary direction, as in 
the inducing wire. In this case the formula gives for the 
electro-dynamic action a null result, which ought to be the 
case, for there is no production of mechanical movement ; but, 
if we calculate the energy with which the inducing element 
tends to separate the two electricities in the induced, we find 
that it is expressed by the difference between the two equal and 
contrary forces, to which each of the elements of the induced 
are subjected on the part of the inducing current, —forces, 
whose sum or resultant is null, as we have just seen, but 
whose difference is 2 f, by calling ane + f, and the other — f. 
If we decompose this force 2 f into two others, the one per- 
pendicular, the other parallel to the induced wire, the former 
is destroyed: the latter, which M. Weber calls electro-motive 
force, produces a current, which lasts as long as the motion of 
the wire continues ; this is the inductive current. M. Weber 
has also observed and verified several experimental laws, and 
perfectly agrees with Neumann as far as concerns the in- 
duction exercised by a closed circuit; the only one, moreover, 
that can be obtained directly. 

Neumann succeeded in calculating this latter action, setting 
out from a less theoretical point of view than Weber; to wit, 
simply that electro-dynamic action and inductive action are 
sufficiently connected with each other, both in respect to their 
value and in respect to their direction, that we may suppose 
that the electro-motive force produced by the motion of an 
induced element is proportional to the electro-dynamic action 
that it would receive from the inducer, decomposed according 
to the direction of its velocity, and multiplied by this latter. 
It is very remarkable that Weber had arrived at the same 
result by an entirely different train of ideas ; and we may 
hence deduce the following, which is no longer a simple em- 
pirical, but rather a mathematical law ; namely, that whatever 
be the cause of the electro-dynamic action of two currents, if 
to explain the induction experienced by a conductor when in 
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motion, it is considered as a current in which both the elec- 
tricities travel in the same direction, it is evidently natural to 
suppose that the electro-motive force is then proportional to 
the electro-dynamic force exercised by the inducer upon a 
current having this same direction. 

There exists, as we have just seen, as well in the theo- 
retical view as the experimental relation, a remarkable 
analogy between electro-dynamic actions and the phenomena 
of induction, an analogy which consists essentially in this 
reciprocity, namely, that the former produce a mechanical 
movement, and that the latter are engendered by a move- 
ment. From this difference there results, in the consider- 
ation of induced currents, an important element that has 
no existence in the others; it is the velocity of the move- 
ment necessary for their production, an element that has 
essentially served as a basis to the calculations of Weber and 
Neumann. Experiment had already proved its importance, 
by showing that the intensity of an induced current is the 
more considerable as the velocity of the induced conductor 
is greater. 

As far back as 1847, I had studied (Mém. de la Soc. de 
Phys. et de l'Hist. Nat. de Génève, t. ix. p. 191.) this in- 
fluence of velocity with one of Saxton’s machines (Fig. 145.), 
which gives the two induced currents, the inverse and the 
direct; and Î discovered that the rapidity of the rotation 
increases the energy of the action, either because there is in 
the same time production of a greater number of currents, or 
because each of them is individually more intense. Thus, 
when there were 28 currents per second, it required only 462 
in order to liberate in the voltameter the same quantity of 
gases, which would have required 1050, when there were 
only 14 per second. By placing the helix of a Breguet's 
thermometer in the circuit (Fig. 21., p. 33.), it indicated 
successively 7°, 55°, 100”, and 133”, for velocities of rotation, 
such that there were first 2, then 10, then 20, and then 40 
currents per second. However, I remarked that this in- 
fluence of velocity is not the same for every kind of effects 
and of conductors ; and that, in certain cases, there are limits 
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beyond which it tends to diminish, rather than to increase, the 
intensity of the action. 

M. Lenz observed, in 1841, that there is in fact a maximum 
in the intensity of the current, which is not simply a function 
of the velocity of the rotation of the magneto-electric machine, 
He found, as I had also observed, that the manner in which 
the conducting wires are placed in respect to each other, and 
the resistance of the system that is to be traversed by the 
current, determine the maximum of induction for very dif- 
ferent velocities. If, for example, we connect with each other 
the wires of six bobbins, so that their total length is traversed 
by the induced current, a moderate velocity is sufficient to 
obtain the maximum induction; it is not the same if the six 
bobbins are separated, s0 that each of them is traversed by 
only a sixth part of the current which is distributed among 
them We then, by greatly increasing the rapidity of the 
rotation, succeed in obtaining a current which has a force 
six times greater than in the former case. According to 
M. Lenz, this maximum is due to the secondary magnetisation 
which the induced currents impress upon the same masses of 
iron to which they owe their origin, by the effect of the 
momentary magnetism that they acquire in passing before the 
poles of the magnet. This reaction of the permanent mag- 
netism upon itself is, in fact, often felt, and it is especially 
sensible in machines, in which the inducing magnetism is 
produced by an electric current (Fig. 147.). However, by 
suitably arranging the commutator, we may protect ourselves 
from its effects; and, in this respect, M. Lenz gives some 
practical rules, which each experimentalist may establish for 
his own apparatus. 

À circumstance which must play a great part in the in- 
fluence that is exercised by the velocity of rotation over the 
intensity of the induced currents, is the time of greater or less 
duration, and never null, that soft iron requires for being 
magnetised and demagnetised. In this, also, is the cause of 
the finite, although very short duration of currents induced in 
this manner. In fact, although we have said that the in- 


ductive currents were instantaneous, they are not completely 
rr4 
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so, at least not always; and we must distinguish those 
which are really so from those which we might call 
temporary, because they last for a very short time ït is 
true, but still an appreciable time. We may easily distin- 
guish them, in that the former cannot act like the latter 
upon the magnetised needle of the galvanometer, on account 
of its inertia, and in that they are manifested essentially by 
the physiological shock and by the spark. Among the causes 
that determine one or other kind of currents, besides those 
which are due to their origin, we may point out the influence 
of the nature of the circuit that is to be traversed by them, 
which may cause an originally temporary current to become 
an instantaneous one. In fact, if the circuit contains an im- 
perfect conductor, such as the human body, the induced 
current, instead of passing away in proportion as it is pro- 
duced, will not be projected onward until the instant when 
it shall have acquired the intensity necessary for traversing 
the imperfect conductor ; and consequently it will be alto- 
gether instantaneous. We further refer to M. Dove’s experi- 
ments, which we have already given in detail (p. 419. et seq.). 
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CHAP. VI. 


ACTION OF MAGNETISM UPON ALL BODIES. 


Notions relative to an Action of the Magnet upon all Bodies 
other than that arising from Induction. 


OxE of the circumstances that have constantly been the 
greatest characteristics of magnetism is its speciality ; namely, 
the small number of bodies capable of being magnetised or 
influenced by the magnet. Iron and steel, and then more 
recently nickel and cobalt, have for a long time been con- 
sidered as the only substances susceptible of acquiring and of 
manifesting magnetic properties. The discovery of magnetism 
by rotation seemed at first to be about to change this opinion ; 
bat the fact that motion was necessary in order to there being 
action of any body upon a magnet is sufficient to show that a 
veritable magnetic action was not in operation in this case, since 
the body, when at rest, exercised no effect. Moreover, the 
explanation of the phenomena by the production of inductive 
currents soon connected it with another order of facts. 

The universality of magnetism, that is to say, the dispo- 
sition of all bodies, as well as iron, cobalt, and nickel, to 
obey the influence of a magnet, in order to be demonstrated, 
must be manifested directly by an action of some kind exer- 
cised, by a magnet at rest, upon a body in like manner at 
rest. Otherwise, we may always fear that the actions we 
take for magnetic phenomena may be simply the effects of 
induction. 

Induction, or, to speak more correctly, induced currents, 
may in fact give rise to motions. Thus, for example, if I 
place above, but between the poles of a powerful electro- 
magnet, the two branches of which are vertical, a copper ring 
from 4 to 6 inches in diameter, made from a very thin plate, 
and less than half an inch wide, consequently very light and 
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delicately suspended, I can excite in it inductive currents by 
magnetising and demagnetising the electro-magnet by means 
of a voltaic current; and I have the proof of the existence of 
these currents by the movements this ring execute under the 
influence of the magnetic poles These movements become 
still more sensible if the ring is surrounded by a belt of very 
powerful voltaic currents transmitted through a copper wire 
covered with silk, and making several circular convolutions. 
We then see it obey the action of these currents, as ïf it 
formed itself a part of the electric circuit; a proof that, 
under the influence of the electro-magnet, it is traversed by 
an inductive current, which its own movement renews at 
each instant. In order to satisfy ourselves that we must 
attribute the effect observed to this cause, we may cut the 
ring anywhere in its circuit, and join the two ends by an in- 
sulating substance. There is no longer any action, because 
the current can no longer circulate, and consequently cannot 
be established; but immediately the two ends touch each 
other, by communicating together by a good conductor, the 
action recommences. 

Furthermore, a French philosopher, M. Lallemand, suc- 
ceeded in demonstrating in a direct manner that the instan- 
taneous currents produced by induction attract or repel each 
other as do continuous currents; and, according to the same 
laws, he even observed that tertiary currents, which produce 
no appreciable deviations in the galvanometer, act very 
powerfully upon each other cither by attraction or repulsion, 
The action of the inducing upon the induced current presents 
some remarkable peculiarities, which I have also had occasion 
to verify in the experiments with the electro-magnet that I 
have reported above. The movable circuit is energetically 
repelled, although it is traversed by the two direct and 
inverse induced currents. It would seem to result from this, 
that the inducing current acts by repulsion equally upon both 
the induced currents. But the experiment made with the 
two induced currents separately shows that there is still re- 
pulsion when the inverse current is passing, and attraction 
when the direct current is passing, as ought to occur, ac- 
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cording to Ampère’s laws; only the repulsion is more ener- 
getic than the attraction, which explains the result of the 
preceding experiment. This difference in the effect of the 
same inducing current upon the two induced currents that 
are really equal, arises from this, — that the inducing cur- 
rent, whilst it is acting upon the inverse current, gradually 
increases its intensity; whilst, when it is acting upon the 
direct current, it in like manner gradually diminishes it; the 
former action occurring at the establishment of the circuit, 
and the latter at its rupture. It necessarily follows from 
this, that the former must be more powerful than the latter ; 
for the inducing current acts upon the inverse induced current 
during the whole time of its duration, which does not occur 
to the direct one, which lasts only for a few instants after the 
inducing current has ceased. Moreover, the action of a 
current upon one or other of its induced currents is propor- 
tional to its intensity, which furnishes a confirmation of the 
law demonstrated by M. Abria, that there is a constant 
relation between the intensity of the inducing and that of the 
induced current. 

We see, from the preceding remarks, that we must not 
employ the method of oscillations in order to prove whether a 
non-magnetic body is or is not susceptible of being influenced 
by a magnet ; for, as soon as there is motion, there may be 
production of induced currents; and the effect observed is of 
quite another nature, 

Coulomb, who was one of the first that endeavoured to 
discover traces of magnetism in non-magnetic bodies, found 
that, by giving to these bodies the forms of small bars, two or 
three-tenths of an inch long, and ç45th of an inch in thick- 
ness, and by suspending them to a silk thread without torsion 
between the opposite poles of two powerful magnets, they all 
placed themselves in the direction of these magnets ; and that, 
if they were turned aside, they were always brought back after 
a certain numher of oscillations. This effect was probably 
due to excessively small quantities of iron diffused indistinctly 
in the bodies, and not to a particular property. Such, at 
least, was Coulomb’s opinion; who found, for example, that in 
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a small silver needle submitted to experiment, +33/rry of iron 
was sufficient for it to experience the influence of magnets. 
It is probable that this same was the cause of the phenomena 
observed by Coulomb, although, however, there actually is a 
proper action exercised by magnets upon all bodies ; but this 
action does not produce the same effects upon all,— a proof 
that, in what we have just related, it was indeed the presence 
of iron that was the predominant cause of the phenomenon. 

M. Becquerel obtained, long after Coulomb, but a short 
time before Oersted’s discovery, some curious results by sub- 
mitting different substances to the action of very energetic 
electric currents, or very powerful magnets. Having ob- 
served that a soft iron needle freely suspended in the interior 
of a galvanometer, places itself, as might have been suspected, 
perpendicularly to the coils of the wire, by virtue of the mag- 
netisation that it acquires, he put in place of it a sinall car- 
tridge filled with very fine filings of cast iron, which conducted 
itself in like manner. But, having filled the cartridge with 
deutoxide of iron, he found that things were widely altered. 
This cartridge, about +55 in. in diameter, being conveniently 
suspended, and subjected to the influence of the current, was 
rapidly attracted in the plane of the apparatus; and, after a 
few oscillations, placed itself in a direction parallel to the 
coils of the wire. If the pole of a magnet were presented to 
the cartridge of deutoxide of iron whülst it is under the in- 
fluence of the current of the galvanometer, the pole is seen 
to act in the same manner on all the points that are situated 
on the same side of the galvanometer. The pole of the 
magnet being changed, the effect is inverted. Thus, all the 
north magnetism of the cartridge is on one longitudinal side 
of its axis, and all the south magnetism on the other; a dis- 
tribution of magnetism the reverse of that which commonlyÿ 
occurs in magnetic bodies. Needles of copper, wood, and 
gum-lac appeared to experience, on the part of the current, 
the same kind of action as cartridges filled with deutoxide of 
iron, only in a much less degree. But the effect is so slightly 
marked, and the experiment so delicate, that its results may 
seem dubious. 
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By submitting various substances to the action of powerful 
magnets, M. Becquerel observed analogous effects : namely, 
he found that in bodies, such as steel and soft iron, the distri- 
bution of magnetism always occurs in the direction of their 
length; whilst in others, such as deutoxide and tritoxide of 
iron, wood, gum-lac, it most frequently occurs in the direction 
of their width. The following is a curious experiment. A 
wooden needle 1} in. in length is placed between the two 
opposite poles of two powerful magnets, the extremities of 
which are about ;! in. apart, and its point of suspension is as 
near as possible to the interval by which they are separated. 
The needle then places itself perpendicularly to the line that 
joins the poles, instead of placing itself in the same direction, 
as did a cartridge, containing a mixture of deutoxide and tri- 
toxide of iron, or deutoxide alone. But if the poles of the 
bar are drawn apart, the wooden needle finally places itself in 
the same line as the poles. À gum-lac needle presents the 
same phenomenon, but in a less degree. It is impossible to 
recognise the transverse polarity with these different sub- 
stances as it was recognised in the cartridge of deutoxide of 
iron, or in that containing a mixture of deutoxide and tritoxide. 

Another remarkable form under which the mutual in- 
fluence of magnetism and non-magnetic bodies may be 
manifested, is that which M. Arago observed, when making 
a horizontal magnetised needle oscillate above different 
substances that are non-conductors of electricity; and in 
which, consequently, the inductive currents could not be set 
np. Thus, over a plane of ice, a magnetised needle, in order 
that its deviation should be reduced from 53° to 43°, made 


26 oscillations at ‘0275 inches distance. 
34 EE ‘0496 ,, , 
56 " 12-7850 N 
60 n 20-1140 » 


Over a plane of crown glass, another needle, in order to 
reduce its deviation from 91° to 41°, made 


122 oscillations at ‘0358 in. distance. 
180 » 0389 , 
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208 oscillations at ‘1196 in. distance. 
220 » ‘1578 , n 


These great differences in the number of oscillations made 
by the same needle under the same circumstances, but at 
different distances from the plane of ice or glass, evidently 
prove the mutual influence of each of these substances upon 
the magnetised needle. 

Finally, an important fact is the repulsion, first observed 
by Brugmanns, and then more recently by Lebaillif, exercised 
by bismuth and antimony upon the pole of a magnetised 
needle. Endeavours were made to connect this fact with a 
general law ; namely, with a mutual repulsion exercised be- 
tween bodies by the effect of any radiation, such as calorific 
radiation ; but carefully conducted experiment has shown that 
the necessary condition of the phenomenon was that the ncedle 
should be magnetised, and that, consequently, it depended 
upon magnetism, and not upon causes foreign to this agent. 


Distinction of Bodies into magnetic and diamagnetic. 


The facts, that we have been relating, would seem to prove 
that the magnet exercises upon the different bodies in nature 
an action that is neither analogous to that which it exercises 
upon magnetic bodies, nor is it an action due to induction. 
But these were isolated facts, and did not appear subject to 
any laws; and it is to Faraday that we are indebted for 
having established them in a positive manner, and at the 
same time for having brought them under one general 
principle. 

The learned English philosopher, as the result of researches 
relating to the influence exercised by magnetism over a 
polarised ray of light, transmitted through certain transparent 
substances placed under the action of a powerful electro- 
magnet, researches of which we shall speak further on, 
endeavoured to submit to the directive action of the electro- 
magncet the same transparent substances ; and he thus arrived 
at a remarkable discovery. The transparent substance that 
he principally employed, and which is most suited to the 
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manifestation of phenomena of this kind, is a particular glass 
of a yellowish colour, prepared by Mr. Faraday himself with 
a view to optical purposes, and which he named heavy glass 
on account of its great density; it is a boro-silicate of lead. 
À prism of this glass two inches in length, with a section 
of one-fifth of an inch, is suspended horizontally, by means of 
a waxed silk thread, above and very near to the two poles of 
a powerful electro-magnet, so arranged that its two branches 
are vertical. At the moment when the electric current 
traverses the wire of the electro-magnet, the glass prism is 
seen to put itself in motion, and, after a certain number of 
oscillations, to place itself perpendicularly to the line that 
joins the two poles; a position which Mr. Faraday termed 
equatorial, in opposition to that assumed by magnetic bodies, 
which place themselves in the line of the poles, and which he 
called axial. If it is deranged from its equatorial position, 
the glass prism tends to return to it, at least so long as 
the electro-magnet is magnetised. When, in its oscillations 
between the two poles, it approaches the edge of one or other 
of the two polar surfaces, it is seen to stop, and to be sharply 
repelled by this edge. 

If the branches of the electro-magnet are too far apart for 
the action of the poles to be made sufficiently manifest upon 
the substance suspended between them, pieces of soft iron are 
placed upon each polar surface, either prismatic or cut into 
points, at the two parts facing each other; and, before 
magnetising the electro-magnet, these pieces or armatures 
are put at such a distance from each other that the body 
suspended between them shall be as near to them as possible, 
without, however, being inconvenienced in its rotatory move- 
ments around its suspension wire. The directive action, that 
we have described and designated under the name of equa- 
torial, is then manifested in the most decided manner. But 
it is not only heavy glass that obeys it; all organic and 
inorganic substances are equally subjected to it, providing 
they are not magnetic or do not contain a certain portion of 
magnetic elements ; and they do not assume the axial di- 
rection. Thus rock crystal, various non-metallic salts and 
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chemical compounds, todide of phosphorus, sulphur, resin, 
cooked or raw meat, blood, a feather, a piece of apple or pear, 
acquire the equatorial direction between the poles of the 
electro-magnet. 

Mr. Faraday obtained the same results by employing a 
powerful ordinary horse-shoe magnet, instead of an electro- 
magnet, but the phenomena are less decided. Care must be 
taken, when attaching the bodies that are to be submitted to 
the influence of magnetism to the suspension thread, to make 
use of copper or brass wires only, and such as are in no 
degree magnetic. 

When we examine the phenomenon more closely, by 
studying it upon a substance, such as heavy glass, which 
manifests it in a high degree, we are surprised by seeing the 
repulsion that is also exercised upon the substance by both 
the magnetic poles. Thus, if the prism of heavy glass is 
suspended, 80 that its centre of suspension, although situated 
upon the axial line, is nearer to one of the poles than it is to 
the other, the action of the electro-magnet always makes it 
assume the equatorial position ; but, at the same time, ït is 
repelled parallel to itself by the pole to which it is nearest. 

We see this repulsion manifested in its highest degree 
when, in its oscillatory movement between the poles, the prism 
is near the edge of one or the other of the two polar surfaces. 
Further: whatever may be the form of the piece of heavy 
glass, as well when it is cubical or spherical as when it is 
prismatic, it is repelled in like manner by either of the poles ; 
but, in order that it shall experience a directive action which 
shall give to it its equatorial position, it is necessary that the 
length shall exceed the other dimensions. Repulsion would 
scem, therefore, to be the phenomenon in its greatest sim- 
plicity; and the equatorial direction would be nothing but 
the result of the tendency of each of the particles of the body 
to move itself to the place where the repulsion is the least, 
and where consequently the magnetic action is the most 
feeble. 

Continuing to submit substances of various natures to the 
action of electro-magnets, Faraday examined very closely the 
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different metals under this relation. He distinguished those 
that place themselves axially, or which by being attracted by 
each of the two poles must be considered as magnetic, from 
those that assume an equatorial position, and being repelled 
by the poles, are, as Mr. Faraday called them, diamagnetic. 
These latter are essentially bismuth, antimony, zinc, tin, 
cadmium, mercury, silver, and copper. The force with which 
the new action is exercised varies with these different metals; 
bismuth and antimony manifest it in a hiyh degree; a small 
bar of bismuth, about one-fifth of an inch wide, is, of all 
substances subjected to experiment, the one that best makes 
this phenomenon manifest in its various details. Moreover, 
in the enumeration that we have just been making, the 
metals have been classed in the order of the degree of 
intensity with which they manifest the kind of action in 
question. 

Mr. Faraday employed bismuth for studying certain parts 
of the phenomenon that woufd have escaped observation with 
less sensible substances. He thus proved that two bars 
of bismuth, delicately suspended and submitted at the same 
time to the action of magnets, did not act upon each other, 
which seems to banish all idea of polar antagonism in the 
bars. He also saw that fine powder of bismuth, when pro- 
jected upon paper, placed on one of the poles of the electro- 
magnet, assumes a regular arrangement ; the particles dis- 
tribute themselves without and within upon a circular line, 
which is just the edge of the soft iron cylinder. This line 
remains perfectly distinct, which shows the tendencv of the 
particles of bismuth to be repelled at once in all directions, 
a result in accordance with the remark that we made upon 
the more active repulsion exercised by the edges of the polar 
surface upon the suspended bars. M. Pouillet obtained 
similar results by mixing sesquichloride of chromium, which 
is magnetic, with bismuth, both of them being very finely 
powdered; he obtained a violet circle, formed by the chloride, 
above the edge of the pole of the electro-magnet, which 
attracts it, between two very distinct circles formed by the 
bismuth powder, which is itself repelled by the edge. 

VOL. I, G G 
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Some of the metals, and especially copper, undergo a 
motion of a very peculiar kind at the moment when, being 
suspended between the poles of the electro-magnet, the latter 
is magnetised: this movement, which is very distinct from 
that which the bar obeys, in order to place itself in the 
equatorial direction, and which occurs even when it is 
already naturally in that direction, is equally manifested at 
the moment when the magnetisation of the electro-magnet 
ceases, It is evidently due to the production, upon the 
surface of the metal, of currents induced by the electro-magnet. 
We may satisfy ourselves of this by varying the form, the 
dimensions, and the primitive position of the metal that is 
submitted to experiment. Besides, these movements are not 
at all observed in heavy glass; they are scarcely sensible in 
bismuth, and are less decided as the metal is a worse 
conductor of electricity. The following is the order in which 
the different metals may be placed in this respect: copper, 
silver, gold, zinc, cadmium, tin, platinum, palladium, lead, an- 
timony, and bismuth. This order is the same as that which 
M. Arago and Messrs. ILerschel and Babbage had assigned to 
the metals with regard to their faculty of drawing on the 
magnetised needle in the phenomena of magnetism by rotation, 
and, consequently, of giving rise, upon their surfaces, to in- 
ductive currents; a proof that it is indeed to this latter kind 
of action, which must not be confounded with that whereon 
we are now engaged, that the particular movements observed 
by Faraday are due, 

The metals that, instead of placing themselves equatori- 
ally, place themselves axially, are magnetic, as we have re- 
marked. Mr. Faraday found a great number of them besides 
those that were already known, as iron, nickel, cobalt, to be 
endowed with this faculty. Me further observed, that the 
greater part of compound bodies, and among them the salts of 
magnetic metals, are also such; and it is even from the mag- 
netism of their compounds that he concluded for several, such 
as manganese, cerium, chromium, &c., the magnetism proper 
to them. These compounds are magnetic as well when they 
are dissolved in water as in the solid state. The numerous 
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compounds into which iron enters were the subject of a special 
study, and they all placed themselves axially between the 
poles of the electro-magnet, and were attracted by these poles, 
The presence of a very small quantity of iron is sufficient to 
render a substance magnetic. Thus, green bottle glass and 
crown glass are magnetic; paper and fine cardboard are also 
80, probably because they have been in contact with iron in 
the act of fabrication; for organic substances are in general 
diamagnetic. However, the yellow crystals of ferro-cyanuret 
of potassium, as well as the red, assume the equatorial direction, 
which would seem to prove that they are not magnetic. This 
anomalyis probably due to the crystalline state of the substance, 
which, as we shall see further on, exercises a great influence 
over this order of phenomena. 

The very marked influence that is exercised by the presence 
of a minute quantity of iron, shows with what precaution we 
must operate, in order to draw conclusions from a substance 
acquiring an axial position, that it is magnetic. It is suff- 
cient, for example, to have cut a piece of wood with a knife, 
in order that it shall place itself axially, whilst wood always 
affects the equatorial direction, being eminently diamagnetic. 
Thus, when we submit solutions and liquids in general to ex- 
periment, we take care to place them in glass tubes whose 
substance is as thin as possible, and to select white and con- 
sequently non-magnetic glass. It is true that the tube is then 
diamagnetic; but as this property is never so decided as the 
other, the diamagnetism of the glass does not prevent the 
magnetism of the internal liquid from being manifested. 

We can, moreover, test liquids, not only by placing them 
in small cylindrical glass vases suspended horizontally, but 
also by placing in them different substances upon which the 
action of the electro-magnet is no longer the same when they 
are surrounded by liquid. Thus it is that, by mixing in 
proper proportions protosulphate of iron, which is magnetic, 
and water, which is diamagnetic, we can procure a solution 
that is neither repelled nor directed by the electro-magnet, at 
least in air; but which, when surrounded by water, assumes 
the axial direction. In like manner, by reducing the pro- 
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portion of iron, we may impress upon it in air an equatorial 
direction, whilst it acquires in water an axial direction. The 
experiment shows us that it is possible, by a suitable mixture 
of two bodies, each taken in one of the classes, to procure a 
substance that is intermediate between them with regard 
to the magnetic and diamagnetic properties, at least 1f no 
change is made in the ambient medium ; if, for example, it 
is always air. On the other hand, Mr. Faraday was not able 
to find any body, either solid or liquid, except the artificial 
mixtures of which we have been speaking, that is neutral; 
namely, that is not magnetic or diamagnetic. 

We shall not pause at the essays Faraday made, in order to 
determine the place that gases and vapours should occupy in 
the class of diamagnetic bodies. This subject, taken up sub- 
sequently by this clever philosopher according to another 
method, having led him to results, if not in opposition to, at 
least different from those he had obtained, we shall, in another 
place, devote a special section to the study of the magnetic 
and diamagnetic properties of electric fluids We shall 
confine ourselves for the present to remarking that, by his 
first researches, Faraday was led to place air and vacuum in 
the middle of the table containing the list of substances ranged 
in the order of their magnetic power, and inverse to their dia- 
magnetic power. The following is this table, in which the 
magnetism goes on decreasing from iron to air and vacuum, 
which are designated by 0°; and diamagnetism increasing 
from air and vacuum to bismuth : — 


Iron. 0° Air and Vacuum. Cadmium. 
Nickel. Arsenic. Tin. 

Cobalt. Ether. Zinc. 
Manganese. Alcohol. Heavy glass. 
Chromium. Gold. Antimony. 
Cerium. Copper. Phosphorus. 
Titanium, | Silver. Bismuth. 
Paladium. | Lead. 

Crown glass. Water. 

Platinum. Mercury. 

Osmium. Sodium. 


0° Air and Vacuum. | 


Flint glass. 
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Faraday’s experiments, that we have just been describing, 
were scarcely known, when MM. Becquerel, father and son, 
endeavoured to show that they were included in those that 
M. Becquerel, Sen., had made in 1827 on the transverse mag- 
netism of bodies, and of which we have spoken above. They 
attributed the longitudinal, and the transverse or oblique di- 
rection, that is assumed by a substance between the poles of 
a powerful magnet, to the form of the substance, which, com- 
bined with its degree of magnetism, determines the resultant 
of its magnetic forces, and consequently the position that is the 
consequence of it. MM. Becquerel rested their opinion prin- 
cipally upon experiments made with peroxide of iron, which 
is magnetic, and which frequently, however, conducts itself 
like a diamagnetic body. 

Mr. Faraday, indeed, recognised that this substance does 
actually assume very various positions between the poles of 
magnets; but it is not the less always attracted by the 
magnet, as are all magnetic bodies. Moreover, when a tube 
filled with peroxide of iron assumes a direction transverse to 
the line of the poles, it is a position of unstable equilibrium ; 
and, if it is but slightly removed from it, it is attracted by the 
poles. With diamagnetic bodies, such as bismuth, phosphorus, 
&c., the transverse position is that of stable equilibrium. If 
the substance abandons it, it returns to it after a series of os- 
cillations, and the centre of gravity of the mass is constantly 
repelled and not attracted by the magnet. ‘The simple and 
fundamental fact, that distinguishes diamagnetic from mag- 
netic bodies, is, that the former are repelled, while the latter 
are attracted by the magnet. Direction is a phenomenon that 
is a consequence of the fundamental fact, but which may be 
modified by different circumstances. The distribution of 
magnetism is not, therefore, made in a transverse direction. 
It only happens sometimes, as with a cartridge of peroxide of 
iron, that the state of disaggregation of the mass which op- 
poses the transmission of magnetism by induction from particle 
to particle, joined to the absolute length of the cartridge, de- 
termines the creation at different distances and in different 
directions of magnetic poles, that may be considered as inde- 
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pendent of each other. It is easy, therefore, to understana 
why the cartridge, when placed transversely to the line of the 
poles of the magnet, remains there by the effect of all the 
magnetic poles of contrary names that are found on each of 
its faces ; and why, when one of its extremities approaches 
excessively near to the magnet, it is attracted by it, and is 
consequently deranged from its equatorial position. In proof 
that it actually is the particular distribution of the magnetic 
poles resulting from the state of disaggregation of the sub- 
stance, and not, as MM. Becquerel supposed, its feeble degree 
of magnetism that determines the direction assumed by a 
cartridge of peroxide of iron, Faraday quotes the fact, that 
substances much less powerfully magnetic than the peroxide, 
but which do not present the same state of disaggregation, 
such as very diluted solutions of the protosulphate of iron, 
solution of the salts of nickel and of platinum, conduct them- 
selves exactly, except in respect to intensity, as do all other 
magnetic bodies, and not as does the peroxide. 

M. Edmond Becquerel has more recently taken up the 
same question; and, by operating with an enormous electro- 
magnet upon all substances cut into small bars, while he 
renounced the idea of a transverse magnetism, thought he 
ought to persist in his opinion, namely, that all bodies are 
magnetised under the influence of a magnet just as soft iron 
itself is; but to a more or less marked degree, according to 
their nature. The direction that they assume depended, 
then, simply on the difference existing between the action 
that is exercised upon them, and the action that is exercised 
upon the medium by which they are surrounded. A substance 
would be attracted by a magnetic centre with the difference 
of the actions exercised upon this substance and upon the 
volume of the medium that is displaced; whence it follows, 
that a body is attracted by a magnetic centre or is repelled 
from it, according as it is plunged in a medium more mag- 
netic or less magnetic than itself; like as a balloon falls 
upon the surface of the ground, or rises in the atmosphere, 
according as the gas with which it is filled is more or less 
dense than the air. This principle would be analogous to 
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that of Archimedes for gravity, with the difference, that the 
latter is applicable to the mass of the body, whilst the mag- 
netic intensity developed by induction in a substance does 
not depend upon it, but is probably connected with the 
manner in which the subtile medium, or ether, of which a 
certain modification produces magnetism, is distributed in the 
body. 
It would result from this, that the attractions and re- 
pulsions, exercised by the poles of the magnet upon different 
bodies, would depend on the same cause, and not upon two 
different orders of facts. Experiment, in fact, indicates that 
they follow the same laws, and vary in the same manner, 
proportionately to the square of the magnetic intensity. For 
obtaining these results, M. Becquerel employed the torsion- 
balance, taking care always to bring the substances back to 
the same position in respect to the poles of the electro-magnet, 
and only measuring, in each case, the angles of torsion. By 
this method, he obtained the same proportional numbers for 
the same substances, by making the intensity of the magnetic 
action vary. He also proved, in the same manner, the in- 
fluence of ambient media. Thus, common glass, which in 
air is attracted by the poles of a magnet, is powerfully re- 
pelled by these same poles in solutions of iron and of nickel ; 
sulphur and white wax, which are repelled by the centres of 
maynetic action in air, are, on the contrary, attracted when 
they are plunged in concentrated solutions of chloride of 
calcium or of chloride of magnesium. 

From this theory it would seem that all bodies ought to be 
attracted by magnets in vacuo; since attraction is the general 
fact, that is modified only by the presence of the ambient 
medium. Now, several substances, such as bismuth, phos- 
phorus, sulphur, are, on the contrary, more repelled in 
vacuo than in air. In order to explain this anomaly, M. 
Becquerel is compelled to admit that an empty space, like a 
fall one, behaves itself more magnetically than the substance 
that is repelled; in other words, that vacuum, or rather the 
etherial medium by the aid of which the magnetic actions are 
transmitted, is itself magnetic; and that it is more s0 than 
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certain bodies, and less so than others. But this conclusion 
appears to us contrary to all the received notions of mag- 
netism ; a property that is essentially connected with matter, 
and which seems to be inseparable from it. Thus M. Plucker, 
although he arrived at results similar to those of M. E. Bec- 
querel, did not deduce from them the same conclusion. 

We shall terminate this section by making known the re- 
sults which M. Plucker obtained, by seeking to determine 
for each body the intensity of its magnetic or diamagnetic 
properties, or what might more properly be termed its spe- 
cific magnetism or diamagnetism ; Mr. Faraday having con- 
fined himself to giving the order in which substances ought to 
be ranged according to the energy of their magnetic or dia- 
magnetic properties. In order to arrive at this determination, 
M. Plucker employed the balance,—the most certain and 
most direct means of measuring with weights the force with 
which each substance is attracted or repelled by a magnetic 
pole. He placed the substance in a watch-glass, covered with 
a rough and very flat glass that fitted exactly upon the edges 
of the watch-glass. In this manner, he gave to each substance 
submitted to experiment a volume always similar and of the 
same form. The whole is placed upon a thin brass ring sus- 
pended by three silk threads 7*87 in. long from a balance that 
turned with the sixtieth of a grain. Then, by means of a 
current of a constant force, the electro-magnet is magnetised ; 
and one of its poles attracts or repels the substance always 
arranged in the same manner in respect to this pole. 

Laying down as a principle, that the proper magnetism or 
diamagnetism of each substance is proportional to its mass, — 
a principle that M. Plucker endeavoured to verify directly by 
mixing, in greater or less quantity, fine iron filings with wax, 
so as that the total volume was always the same, — the mag- 
netism or diamagnetism of the bodies was obtained by dividing 
by their weights the force, also expressed in weight, with 
which an equal volume of each of them is attracted or re- 
pelled. We thus obtain the element sought, for equal weights. 
Solid substances in these experiments are reduced into as 
impalpable a powder as possible. 
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It was found by this method that, expressing the intensity 
of the magnetism of iron by 100,000, this intensity for load- 
stone is 40,227, for micaccous iron-ore 533, and for the brown 
peroxide 71. Of all the solid or liquid compounds into which 
iron enters, this latter is the one that has given the most 
feeble result. The following, however, is the detailed table 
of the results, upon which we shall confine ourselves to re- 
marking that the combination of acids with oxides, in order 
to form salts, does not enfeeble the original magnetism of the 
latter,— that the water of hydration sometimes adds force to 
the magnetism, as is the case with the hydrate of protoxide of 
nickel, which is three times more magnetic than the protoxide 
itself, — that, finally, all the compounds of manganese, which 
were submitted to experiment, were found to be magnetic. 


1. Iron - - - - - - - 100,000 
2. Loadstone - - - = . - 40,227 
3. Oxide of iron, No. 1. - . - = . 500 
4. ” ” No. 2. - ° ° " . 286 
5. Red ochre  - - - . . - 134 
6. Micaceous iron-ore  - . . - - 533 
7. Hydrated peroxide of iron  - . - - 156 
8. Brown peroxide of iron . - . . 71 
9. Artificial hœmatite  - - . . - 151 
10. Dry sulphate of oxide of iron - - . . 111 
11. Green vitriol - - . . - - 78 
12. Saturated solution of nitrate of oxide of iron - . 34 
13. " n hydrochlorate  - - . 98 
14. n n sulphate of iron - . = - 58 
15. » sn hydrocblorate of potass - . 84 
16. Green vitriol in solution - . . . 126 
17. Sulphate of protoxide, dissulved in vitriol - - 142 
18. Nitrate of oxide in solution - - - - 95 
19. Hydrochlorate of oxide of iron - - - 224 
20. Sulphate of oxide of iron - - - - 133: 
21. Hydrochlorate of protoxide ofiron  - - - 190 
22. Sulphate of protoxide of iron - - - - 219 
23. Deutochloride of iron in solution . - = 254 
24. Protochloride ” n . . . 216 
25. Iron pyrites - . - - . 150 
26. Protoxide of iron in hydrochloric solution  - - 381 


n n sulphuric solution . - 462 
28. Peroxide of iron in the hydrate e . e 206 
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29. Peroxide of iron in hæmatite - - . - 168 
30. ” nitric solution - - . 287 
81. » 1 hydrocbloric solution - - 516 
32. ” sulphuric solution - - - 332 
33. Iron in the londstone - . . - - 55,552 
34. » oxide, No. 1. - - . . 714 
35. » » No. 2. - . - - 409 
36. 1 red ochre - - . - . 191 
37. » micaceous iron-ore . - . 761 
38. » hydrated oxide  - . - = 296 
39. = bæmatite - . . - . 240 
40. ” pyrites - - . - . 821 
41. »  sulphate of oxide - - - - 349 
42. » green vitriol - . - . 885 
43. nn solution of nitrate of oxide - . 410 
44. a A hydrochlorate - - - 737 
45. n 5 sulphate . . . 474 
46. » 5 hydrochlorate of protoxide - 490 
47. " ” sulphate of protoxide  - - 594 
48. Protoxide of nickel - . - - . 35 
49. Hydrate of protoxide of nickel - - - 106 
50. Nitrate of protoxide of nickel, in solution - - 65 
51. Sulphate n 5 n - - 100 
52. Chloride of nickel in the preceding solution  - - 111 
53. Protoxide of nickel in hydrate - - - - 142 
54. 5 " nitric solution - . - 164 
55. 1 5 hydrochloric  - - - 171 
56. Nickel in oxidule - - - - . 45 
57.  , hydrate of protoxide - - . 180 
58. 5 nitric solution - - . - 208 
59. n hydrochloric solution . - - 217 
60. Hydrate of manganic oxide  - . - - 70 
61. Manganous oxide - - - - - 167 
62. Manganic oxide inhydrate  - - - - 78 
63. Manganous in hydrate of oxide . - - 112 
64. a 5 oxidule - - - 322 


Theortes of Diamagnetism, and Diamagnetic Polarity. 
Before pursuing further the study of diamagnetic phe- 
nomena, it is necessary to acquire an idea of the theories that 
have been put forth in explanation of them. Mr. Faraday, 
who discovered, and who s0 carefully analysed, the phenomena 
of diamagnetism, was content with putting forth the law with 
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which experiment had furnished him, namely, that diamag- 
netic substances are those which, in the field of magnetic 
forces, direct themselves from the places where these forces 
have the greatest intensity, towards those where they have the 
least; and that the converse is the case for magnetic bodies. 
We must not forget that Mr. Faraday distinguishes, by field 
of magnetic forces, the larger or smaller space within which 
the poles of an electro-magnet cause their influence to be felt, 
and which is traversed in all directions by forces of variable 
intensities and directions, of which the curves marked out by 
iron filings give, to a certain degree, a very exact idea. 

We have already spoken of M. E. Becquerels theory, 
based upon the principle that all bodies are magnetic in the 
same manner, only in different degrees, and that the repulsions, 
exercised by the two poles of magnets, upon certain sub- 
stances, are only apparent, and arise from these substances 
being plunged in a medium more magnetic than themselves ; 
a medium which, by reaction, gives rise to the effects that are 
observed. We have not been able to attach ourselves to this 
theory, on account of the consequence to which it irresistibly 
leads, namely, that vacuum itself is magnetic like bodies, 
more s0 than some, less s0 than others. 

M. Plucker, although inclining, in respect to the laws by 
which the phenomena are regulated, to those of M. E. Bec- 
querel, does not deduce from them the same consequences in 
respect to the magnetism of vacuum. He arrives, by his 
researches, to the following laws, which are no other than the 
principle of Archimedes extended, and in which the force of 
magnetism supplies the place of gravity. If a magnet acts 
by attraction or by repulsion upon the molecules of a body or 
of a fluid by which it is surrounded, the effect of the magnet 
upon the immersed body is the same as upon the body in 
vacuum, minus the effect produced upon the volume of the 
liquid, whose place is supplied by the body. These laws 
explain why an areometer, that is very little affected by the 
magnet, rises in a magnetic liquid, and descends in a dia- 
magnetic liquid when it is placed above the poles, and presents 
contrary effects when placed below. They show, also, why 
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a magnetic solid, when plunged into a liquid more magnetic 
than itself, comports itself diamagnetically, whilst a diamag- 
netic body shows itself magnetic in a liquid more diamagnetic 
than itself, Thus is explained the extraordinary force with 
which bismuth, and even glass that is slightly magnetic, direct 
themselves equatorially in a saturated solution of sulphate of 
iron, notwithstanding the resistance of the medium. 

We see that M. Plucker admits with Mr. Karaday, and 
contrary to M. E. Becquerel, that the magnetism and the 
diamagnetism of bodies are two distinct and opposite proper- 
ties; but he considers that they have a similar origin, and he 
is disposed to adopt, in this respect, the ideas of Poggendorf, 
of Reich, and of Weber, who consider diamagnetic pheno- 
mena as arising, equally with magnetic phenomena, from a 
polarity induced by the action of the magnet in the sub- 
stances submitted to its influence, with this difference, how- 
ever, that the poles in diamagnetic bodies are of the same 
nature as the nearer poles of the magnet, contrary to what 
occurs in magnetic bodies, in which they are of a contrary 
nature. Thus, in like manner as the pole of a magnet gives 
rise to an attractive pole in the extremity of the iron bar, it 
determines a repulsive one in the extremity of the bismuth 
bar; or, what comes to the same thing, the currents which 
Ampère supposes to be excited in iron by the influence of the 
magnet, have an opposite direction to that which they present 
in bismuth. We now come to examine and discuss the facts 
upon which this hypothesis is founded. 

Poggendorff had found that if, to a bar of bismuth, anti- 
mony, or phosphorus, arranged equatorially between the 
poles of an electro-magnet, we approach the extremity of a 
small needle, magnetised too feebly to inducein itself a sensible 
magnetism, this extremity attracts the bar on the same side 
where it would have repelled it, had it been of iron; a proof 
that the electro-magnet determines, in diamagnetic substances, 
poles of the same name as those which act upon them. The 
same philosopher had also observed that, if a bar of bis- 
muth, suspended equatorially between the poles of an electro- 
magnet, is surrounded by a helix, traversed by an electric 
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current, this bar moves in the interior of the helix in a 
direction which seems to indicate that it has acquired a 
polarity, similar for each of its parts to that of the nearer 
pole. M. Reich, on his part, had remarked that when the 
opposite poles of two magnets are made to act simultaneously 
upon the same face of a bar of bismuth, the repulsion en- 
gendered is equal to the difference, and not to the sum of 
the forces possessed by each pole, when acting alone; in such 
sort that, if the two perfectly equal poles of an electro-magnet 
are employed, the effect is altogether null, there is neither 
attraction nor repulsion. 

These experiments, and others of the same kind, although 
apparently favourable to the idea of magnetic polarity, are far 
from being conclusive; and this follows from the examination 
of them that was made by Mr. Faraday, who himself, at first, 
inclined towards this opinion, and by Professor Thomson of 
Glasgow. These two philosophers consider that all these 
effects arise from a modification that is produced in the field 
of the magnetic forces, by the introduction of a new magnet, 
or of an electro-dynamic helix, for the purpose of demonstrating 
the polarity of the substance that is in this field. Thus, for 
example, M. Plucker, in order to support the idea of polarity, 
had quoted the fact, that if a cylinder of soft iron is placed 
equatorially between the poles of an electro-magnet, a little 
below the plane, in which a similar cylinder of bismuth 
moves, the force with which this latter tends to place itself 
equatorially is much augmented; whence he concluded, 
that the two extremities of the bismuth had acquired, under 
the influence of the electro-magnet, contrary poles to those 
acquired by the two extremities of the iron under the same 
influence. Mr. Faraday has shown that this result arises 
solely from the alteration produced in the lines of magnetic 
force by the presence of the bar of iron; in fact, this presence 
must increase the force existing between the two poles of the 
electro-magnet on the line which joins them, and diminish the 
intensity of that existing on the equatorial line, the iron which 
is below of necessity partly neutralising it, so that the bismuth 
is driven from the axial to the equatorial position, with a much 
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greater difference of force than it would manifest had there 
been no soft iron. 

Mr. Thomson, on his part, through modifying the direction 
and the intensity of the forces in the magnetic field, by various 
positions given to the magnets, succeeded in impressing upon 
magnetic bodies, such as a ball of soft iron, motions analogous 
to those presented by diamagnetic bodies under the same cir- 
cumstarces. Thus, a ball of soft iron, of very small volume, 
and very delicately suspended from a long horizontal lever, 
under the influence of two contrary poles of unequal force, 
placed on the same side in respect to it, but at different dis- 
tances, may be held in equilibrium at a certain distance from 
them both, So also the same ball, when submitted to the 
action of two poles, equal in force, but of the same name, will 
have, not only a position of unstable equilibrium in the middle 
of the line that joins these poles, but also two positions of 
stable equilibrium at the two extremities of a right line, drawn 
perpendicularly to the middle of the former, and of a length 
depending upon the force of the magnetic poles. All these 
effects, and others also of the same kind, may be obtained in 
a much less decided manner, it is true, but still sensible, by 
supplying the place of the soft iron by bodies that are very 
slightly magnetic, and even by diamagnetic bodies. In proof 
of the identity of the action exercised upon these latter sub- 
stances, as well as upon magnetic bodies, Mr. Thomson quotes 
the fact that, according to his view, for one class as well as 
for the other, the effect exercised by the magnet is proportional 
to its force; a result opposed to those by which M. Plucker 
thought he had been able to establish that diamagnetism de- 
creases more rapidly than magnetism, with the diminution of 
the force of the electro-magnet, or with the increase of dis- 
tance. He had found that, if a quantity of mercury or 
bismuth is placed upon a watch-glass, which is slightly mag- 
netic, at a certain distance from the poles, diamagnetism 
obtains the pre-eminence, and repulsion takes place; at a 
greater distance magnetism is in the ascendancy, and there is 
attraction. Mr. Thomson thinks that the changes of effects, 
due to the increase of distance, arise from the influence of the 
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second pole of the electro-magnet, which, becoming more sen- 
sible in proportion as the body is removed from the pole that 
acts directly upon the substances submitted to experiment, 
brings about a modification in the distribution of the lines of 
magnetic force. He was equally satisfied that this distri- 
bution is altered in a very decided manner by a change in 
the intensity of the absolute force of the electro-magnet, which 
would equally explain why substances such as carbon, whose 
magnetism and diamagnetism are both very undecided, place 
themselves, as M. Plucker observed, sometimes axially, at 
other times equatorially, according as the force is more or less 
considerable. We see, therefore, that an attentive observation 
of the phenomena is not favourable to the idea of a polarity in 
diamagnetic bodies ; however, in favour of this opinion, have 
been argued another class of facts, discovered by Weber, and 
which are deserving of a serious examination. 

It was by placing a diamagnetic metal instead of soft iron, 
within a bobbin intended for producing induction, that Weber 
thought he discovered the proof of the acquisition by this 
metal, when under the influence of a powerful electro-magnet, 
of poles of a contrary nature to those acquired by soft iron 
under the same circumstances. The bobbin is surrounded 
by a copper wire covered with silk 984 ft. in length, and ,th 
in. in diameter, the two extremities of which communicate 
with those of a very sensible galvanometer, and it is placed 
vertically upon the polar surface of an eloctro-magnet. Cy- 
linders made of different metals are introduced successively 
into the bobbin, and a commutator, placed in the circuit, of 
which the galvanometer forms a part, is combined s0 as to 
be able to form this circuit, either at the moment when the 
metal cylinder is introduced, or when it is withdrawn. The 
galvanometer sometimes indicates the presence of an instan- 
taneous current ; and, as care has been taken to maiïntain the 
magnetism of the electro-magnet at the same degree of force, 
the current observed can only be an inductive current, arising 
from the introduction into the bobbin of a metal, upon which 
a magnetic pole acts. But this current, when produced by a 
bar of bismuth, for example, has a direction contrary to what 


464 MAGNETISM AND ELECTRO-DYNAMICS. PART It, 


it possesses when it derives its origin from a bar of soft iron; 
whence M. Weber concludes, that the bar of bismuth acquires 
at its two extremities poles of a contrary nature to those 
which the bar of soft iron acquires under the same influence. 

On repeating Weber’s experiments in February, 1850°, I 
obtained results analogous to his, save that I did not find 
that the intensity of the effect obtained bore any relation to 
the degree of diamagnetism of the substance : thus the intro- 
duction of a cylinder of zinc into the bobbin gave a more 
powerful current than what was derived from the introduction 
of the cylinder of bismuth, although zinc is much less dia- 
magnetic than bismuth; and antimony and lead, the one very 
diamagnetic, and the other but little so, each gave rise to a 
current that was barely perceptible. After a long and de- 
tailed study of these phenomena, Faraday succeeded in dis- 
covering that they were not due to diamagnetism, but to the 
greater or less -degree of conductibility of the metals, upon 
the surface of which, when they are introduced into the 
bobbin, there are established inductive currents, analogous to 
those which were observed by Dove, and of which we have 
spoken in the preceding Chapter.f 

Faraday’s apparatus consisted of a helix three inches in 
length, and two inches interior diameter, fixed horizontally at 
the extremity of a cylinder of soft iron, which enters it one 
inch: this soft iron cylinder is itself the extremity of one of 
the branches of a powerful electro-magnet. A system of 
suspension, constructed with great care, enabled him to give 
a movement, to and fro, of about two inches in extent, in a 
horizontal direction, to a wooden lever two feet in length, at 
one of the extremities of which are fixed successively cylinders 
of different metals 54 in. in length and in. in diameter; the 
apparatus is so arranged that these cylinders may penetrate 
into the helix, and come out of it six times in a second, 
without in the least degree shaking cither the helix or the 


* Arch. des Scien. Phys. et Nat. de la Bibliothèque Univ. t. xiii, p. 115 
(Feb. 1850.) 
. T The Memoir in which Faraday describes the results that he obtained, wss 
communicated to the Royal Society, March 13. 1850 ; and appeared in che 1# 
part of the “ Philosophical Transactions of 1850.” 
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electro-magnet, which is essential. The two ends of the helix 
communicate with those of the galvanometer, and a com- 
mutator, whose movement is connected with that of the lever 
by which the metal cylinder is sustained, enabled him to 
appreciate only one of the currents— that which is developed 
at the moment of the introduction, or that which occurs at 
the moment when one of these cylinders leaves the helix. 
The following are the results : — 

Cylinders made of very magnetic metals, such as iron and 
nickel, determine a very powerful induced current, the di- 
rection of which indicates that it is due to the polarity acquired 
by these metals at the moment in which they approach the 
electro-magnet, and which disappears at the moment when they 
are withdrawn from it; however, this method of detecting the 
existence of magnetic polarity is not very sensible; for sub- 
stances that are powerfully magnetic like iron, as a solution of 
proto-sulphate of iron, or crystals of sulphate of iron, do not 
produce any effect. It is not the same when diamagnetic 
metals are employed. À deviation is produced in a contrary 
direction to what obtains when magnetic metals are em- 
ployed ; but the intensity of this deviation is not proportional 
to that of the diamagnetism. Thus, it is considerable with 
cylinders of gold, silver, and copper ; for it is maintained in 
a very permanent manner to 66° or 70°, whilst it is very 
slightly sensible with platinum and lead, and nothing with 
antimony. The energy of the effect appears, therefore, to 
depend exclusively upon the degree of conductibility of the 
substance ; and, consequently, upon the facility with which 
inductive currents may be established upon its surface. The 
following are some further proofs in support of this mode of 
explaining the production of the currents that are determined 
in the wire of the helix by the introduction of a diamagnetic 
metal. 

We may, without diminishing the intensity of the effect, 
diminish the length of the diamagnetic cylinder, and reduce 
it even to an inch; this is because the inductive currents that 
are circulating round its surface are only developed in the 
part that is nearest to the pole of the electro-magnet; whilst 
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a similar diminution in length, when made on the magnetic 
cylinder, brings about a great reduction of the current, which 
in this case is due to the polarity that has been acquired by 
the metal under the influence of the magnet, and the effect 
of which has its full force only when the cylinder is as long 
as the helix. 

The division of the metal cylinder into wires of the same 
length, but of a very small diameter, has altogether an opposite 
effect: it notably increases the power of magnetic metals; it 
entirely annihilates that of diamagnetic metals : this double 
contrary effect is due to the same cause, namely, to the 
obstruction which the division opposes to the establishment of 
inductive currents around the surface of the metal, which is 
the only cause of the currents, indicated by the galvanometer 
in diamagnetic metals, and which, on the contrary, is the 
cause of the weakening of these currents in the case of mag- 
netic metals. This observation had been already made by 
Dove, as we remarked in our Chapter on Induction, p. 425. 
If, for a bundle of copper, gold, or silver wires, whose effect 
is null, we substitute a cylinder of the same diameter, but 
formed by the superposition of discs of these same metals, 
a current of 25° or 30° is obtained, because the inductive 
currents may be established around the edges of the discs. 

To these very conclusive proofs Faraday adds others, 
drawn from the fact that the velocity with which the metal 
cylinder is introduced into the helix, exercises a very different 
influence over the intensity of the induced currents, according 
as the metal is magnetic or diamagnetic; and that the com- 
mutator must act in one case at a very different moment from 
that in which it should act in the other case, in order to give 
the maximum effect. 

The conclusions to which Faraday arrives have been 
further confirmed by the recent researches of M. Verdet. 
This philosopher had employed in his experiments a horse- 
shoe magnet, before the poles of which a metal plate rotates ; 
the branches of the magnet are placed in the axis of two 
bobbins of long wire, which is placed in communication with 
a sensible galvanometer. In operating with slightly magnetic 
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substances, such as sulphate of iron, very appreciable in- 
duced currents are obtained, which shows the sensibility of 
the apparatus; with regard to non-magnetic metals, the in- 
tensity of the currents induced during the movement, when 
the plate is very near to the line of the poles, shows that the 
effects depend only on the conductibility of the metals, and 
not at all on their diamagnetic power. M. Verdet, in order 
to analyse the phenomenon in its details, added to the machine 
a commutator, which allowed the current to reach the galva- 
nometer only during the second part of a rotation of the plate; 
he thus recognised, as Faraday had done, the influence of time 
upon the induction, which explains why the induced currents 
are not distributed in a symmetrical manner, during the period 
when the plate is withdrawing from the line of the poles, and 
during the period when it is approaching it; —a dissymetry, 
which is the more marked in proportion as the velocity is 
greater. 

We see, therefore, that we must renounce the idea of a 
diamagnetic polarity, analogous, but of a contrary name to 
magnetic polarity ; —that it is in like manner impossible to 
admit the existence in diamagnetic bodies of a polarity similar 
in all respects, save in regard to its intensity, to that of 
magnetic bodies. It therefore appears to us probable that 
the force which impels substances when they are suspended 
freely in the field of magnetic forces, to pass from the more 
powerful to the more feeble points, is of a very different 
nature from magnetism ; moreover, that it is general, and 
that, if magnetic bodies do not obey it, it is, that in them it 
is counteracted by that very special property with which they 
are endowed, and which we term magnetism We have, in 
fact, seen that Mr. Thomson succeeded in impressing upon 
magnetic bodies, by a special arrangement, which neutralised 
the effect of their magnetism, a position similar to that ac- 
quired by diamagnetic bodies under the same circumstances. 
The point, in our opinion, upon which the attention of the 
philosopher should be directed, should therefore be a careful 
study of the magnetic field, and, consequently, a minute 
analysis of the forces by which it is traversed, and of the 

HH 2 


468 MAGNETISM AND ELECTRO-DYNAMICS. PART II 


circumstances that may make these forces vary, in order, if 
possible, to arrive by these means at the discovery of the 
cause which leads them to act upon bodies. 

Let us add, further, that it would be important to study, 
better than has hitherto been done, the conditions arising from 
the very constitution of bodies, in regard to the form, the 
molecular arrangement, and the chemical constitution which 
renders the action exercised upon them by these forces more 
or less energetic. The influence of temperature would be 
valuable to know; M. Plucker has already proved that a 
mass of bismuth weighing 2223 grains Troy, required at the 
ordinary temperature a weight of 25-78 grains Troy to coun- 
terbalance the effect of diamagnetic repulsion ; whilst it re- 
quired no more than 4-32 grains Troy, when the temperature 
was raïised to the point of the fusion of the metal. The solid 
or liquid state exercises no change over this property ; ice, 
according to the observations of M. Brunner, Jun., is as 
diamagnetic as water, whether in a state of liquid or of vapour. 
These facts, and others also, are neither sufficiently numerous, 
nor sufficiently in accordance, to enable us to draw from them 
any general consequence ; it is possible we may arrive at some 
such, when they shall have been more multiplied. 


Influence of Magnetism upon Flames and Gases, and upon 

Mr. Faraday had thought he was able to conclude from his 
first experiments that air and the different gases do not differ 
from each other in regard to their magnetic or diamagnetic 
properties, and that they ought, in this respect, to be placed, 
as well as vacuum, almost in the middle of the scale, that is 
to say, between magnetic and diamagnetic bodies. I was 
induced to remark that the results obtained by Mr. Faraday 
were perhaps only apparent, and that they simply depended 
upon the material of the tube in the interior of which the 
vacuum or the gas was placed, as well as upon the influence 
of the surrounding medium. A curious experiment made at 
Genoa by Father Bancalari had demonstrated that elastic 
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fluids are not so indifferent as might have been supposed to 
magnetic action. M. Bancalari found that the poles of an 
electro-magnet have a decided repulsive action upon the flame 
of a lamp, upon smoke, as well as upon the vapour of water 
and of alcohol. M. Zantedeschi, in repeating and confirming 
these experiments, proved that flame is repelled equally by 
each of the poles :—that the effect is not due to currents of 
air, that the repulsion is accompanied by a depression of the 
flame. The same philosopher further observed that the 
smoke that rises from the snuff of an extinct flame, fed 
by oil, alcohol, or wax, is subject to the same repulsive 
force. 

Mr. Faraday, as soon as he became acquainted with these 
experiments of MM. Bancalari and Zantedeschi, took up, by 
a new method of experimenting, his researches upon gases, 
and arrived at results that showed him, conformably to what 
he had thought, that elastic fluids are not insensible to the 
action of the magnet, but, contrary to his former experiments, 
that there exist sensible differences between different elastic 
fluids with regard to their magnetic or diamagnetic pro- 
perties. « 

He first satisfied himself that hot air is powerfully diamag- 
netic in respect to cold air. He arrived at this result by 
placing between the two poles of the electro-magnet, but a 
httle below their surface, a helix of platinum, rendered 
powerfully incandescent by an electric current. So long as 
the electro-magnet was not magnetised, the current of hot air 
rose regularly between the two poles; but immediately mag- 
netisation was produced, it was perceived by means of the 
thermometer, and even simply by the sensation experienced 
by the fingers, that the ascending current of hot air divided 
itself into two currents, mounting separately on the two sides 
of the axial line ; and that there was between them a current 
of cold air, descending between the poles. The converse ex- 
periment was made ; namely, by passing a current of air into 
a tube, surrounded by a freezing mixture; and it was found, 
by means of a thermoscope placed below the poles of the 
electro-magnet, that this current was carried upon the axial 
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line; a further proof that cold air is more magnetic than hot 
air. 
In order to operate upon the different gases, and to dis- 
cover the direction they assume in the magnetic field, Mr. 
Faraday employed glass tubes open at both ends, about ? in. 
wide, and 2} in. long, arranged in different ways around, 
above, or below the poles of the electro-magnet, and con- 
taining within them a piece of paper moistened with ammonia. 
Each gas, when submitted to experiment, was itself mixed 
with a very slight quantity of muriatic acid, a quantity not 
sufficient of itself to give white vapours in air, but capable of 
producing them by its mixture with ammonia In this way, 
the appearance of the white cloud indicated in which tube the 
gas had passed ; whence it was easy to conclude what direc- 
tion it had followed, and, consequently, if it were magnetic 
or diamagnetic in respect to the surrounding medium. A 
current of oxygen, which descended vertically between the 
poles, was in no way affected by the magnetisation of the 
electro-magnet ; but the current of the gas having been 
slightly displaced and put outside the axial line, the oxygen 
was seen, under the magnetic influence, to approach this line 
and to descend in the tube placed directly below, and not 
in that in which it had previously descended. Thus oxygen 
is powerfully magnetic in respect to air. The reverse is the 
case for nitrogen. It was also found with hydrogen, notwith- 
standing the difficulty of operating with it, on accounit of its 
specific lightness, that it is very diamagnetic in ordi air. 
He did the same, in respect to carbonic acid, which places 
itelf in the equatorial direction in a very decided manner. 
Lime water, by becoming white, indicated in an elegant 
manner into which tube the carbonic acid was directed. All 
the other gases, to the number of fifteen, that were submitted 
to experiment were found by Faraday to be diamagnetic, 
with the exception, perhaps, of nitrous gas, which appeared 
to be magnetic. 

M. E. Becquerel, when observing the repulsion exercised 
by the poles of the electro-magnet upon different bodies, such 
as cylinders of wax or glass, placed in vacuum or in different 
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gases, succeeded in recognising, as Mr. Faraday had done, 
the magnetic power of oxygen. The fraction 5, which, 
according to M. Becquerel’s accurate experiments, expresses 
the specific magnetism of this gas for equal masses, in 
respect to soft iron, places it among the most powerfully 
magnetic fluids; in fact, concentrated solution of proto- 
chloride of iron, the most magnetic liquid known, is nearly 
three times less attracted than oxygen for equal weights. 
The magnetic power of oxygen increases with the elastic 
force; and the effect appears to be very exactly proportional 
to this force, and consequently to the quantity of material 
particles contained under a given volume. Atmospheric air 
presents the same effects as oxygen, and nearly in the same 
intensity ; which latter is less on account of the presence of 
nitrogen. M. E. Becquerel has made some further experi- 
ments upon the gases, by condensing them by means of frag- 
ments of charcoal, which he then suspends between the poles 
of the electro-magnet : he has again proved by this method 
the magnetism of oxygen, which, by its presence in the pores 
of carbon, renders this substance magnetic from being dia- 
magnetic, which it is naturally; whilst other gases, con- 
densed in the same manner, increase its diamagnetic power. 
With regard to nitrogen and hydrogen, they do not become 
sufficiently condensed in carbon to enable us to detect any 
sensible effect within the limits of the observations. 

Faraday conceived a very elegant and very sensitive 
method of showing the magnetic and diamagnetic properties 
of gases; it consists in employing soap-bubbles of the gas 
that is to be experimented upon. When placed in the mag- 
netic field, they are attracted or repelled according as the 
gas is magnetic or diamagnetic in respect to air; thus a 
bubble filled with oxygen is powerfully attracted. But, in 
order to operate in a more convenient and accurate manner, 
Faraday replaced the soap-bubbles by little balls of very thin 
glass, into which the gas is introduced; he places two of 
these balls, each filled with a different gas, upon one of the 
extremities of a horizontal wooden lever, suspended delicately 
to a torsion thread ; and he so arranges his apparatus, that 
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each ball is in the neighbourhood of the pole of the electro- 
magnet. ‘The power necessary to bring them back to a 
position equidistant from the pole, becomes the measure of 
their magnetic or diamagnetic force. By means of this dif- 
ferential torsion balance, not only may gases be compared 
with each other, but the same gas may also be compared 
with itself at different degrees of density. Thus, it was 
found that oxygen was less magnetic in proportion as it is 
more rarified ; but it is still so, even when a very great 
degree of rarefaction is produced. A ball in which a vacuum 
bas been made after its having been filled with oxygen, may 
even compensate the effect of a ball filed with nitrogen 
under the ordinary pressure. This last gas, as well as 
several others, does not appear to undergo any alteration in 
its diamagnetic power by a diminution in its density. Ele- 
vation of temperature diminishes the magnetic power of 
oxygen, and exercises no influence over nitrogen. We shall 
see, in the Chapter of the Fifth Part upon Electricity and 
Terrestrial Magnetism, the application Mr. Faraday makes of 
this double opposite property of oxygen and nitrogen, in ex- 
planation of the several phenomena of terrestrial magnetism. 
M. Plucker, on his part, had succeeded, after M. Ban- 
calarïs discovery, in showing the repulsion exercised by the 
poles of the electro-magnet upon the vapour of iodine, chlo- 
rine, bromine, nitrous acid, mercury, and water, as well as 
upon heated air. He had likewise observed the same effect 
upon the flames of essence of turpentine, fat, stearine, alcohol, 
sulphur, phosphorus, and hydrogen. We may see in Fig. 156. 
the apparatus employed by this philosopher in all his re- 
searches. It is an electro-magnet, surmounted by a Coulomb 
balance, with the suspension thread. It will be seen that 
this very powerful électro-magnet is formed by four thick 
copper wires, covered with silk, coiled separately around its 
two branches ; and that tilionds of each of the wires arrive 
at as many metal rings as there are ends. These rings are 
fixed one over the other, upon two insulating stems, so as 
not to communicate metallically together. By a combination 
of conductors easy to be understood, we may put the four 
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wires parallel into the circuit, or place them so that the cur- 
rent traverses successively either the whole, or only two or 





Fig. 156. 


three; and it is also easy to arrange them s0 that one only 
is in the circuit. À commutator, placed between the two 
small columns, to which the extremities of the four wires 
arrive, permits of our easily changing the direction of the 
current. 

It was by means of this electro-magnet that M. Plucker 
made all his experiments, whether upon flames, upon liquids, 
or upon solid bodies, and particularly upon crystals. But, 
before setting forth their details, we should mention the ex- 
periment, by which he succeeded in proving, in an absolute 
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manner, the repulsive action exercised upon particles of air 
by magnetism, — a result that we were not able to deduce 
from Faraday’s experiments ; which being always made upon 
a gas itself, placed in another gaseous medium, never gave, 
as this philosopher himself remarked, any other than «a rela- 
tive effect. The Fig. 156. e."represents an air thermoscope, 
the reservoir of which is made of very thin plates of brass, of 
a concave form, against which are accurately applied the two 
convex parts of the armatures, serving as poles to the electro- 
magnet, between which it is thus placed. By this means, 
the latter are brought to a distance of À of an in. from each 
other. After having waited until equilibrium of temperature 
is well established, the electro-magnet is magnetised with ten 
pairs of Grove’s, and we immediately perceive that the drop of 
coloured alcohol, which, by moving in the glass tube, serves 
as an index for the thermoscope, indicates by a depression of 
1o Of an in. or 80 that the volume of air has augmented ; 
then the current being interrupted, the drop immediately 
returns to its primitive place. 

M. Plucker had concluded, from his experiments, that air 
is diamagnetic, since it is repelled by the two poles of the 
magnet. This conclusion, which is evidently erroneous, since 
it is in opposition to the results of the experiments of Faraday 
and of Becquerel, shows us that this mode of operating is 
defective ; and, in fact, it is a difficult matter to abstract 
either the influence of temperature or that of the electro- 
magnet upon the substance of which the sides of the reser- 
voir are formed. Has not M. Plucker pursued experiments 
of this kind too far? But, on the other hand, there is a class 
of phenomena, connected with the same subject, of which he 
made a special study ; these are the very remarkable changes 
of form that result to visible gases, such as flames, and to 
liquids, from the action exercised upon them by the poles of 
the electro-magnet. 

When flames are in question, it is necessary, in order to 
make this class of experiments, to remove the upper part of 
the glass cage, so that it shall not be altered by the heat or 
smoke arising from combustion; but to preserve the lateral 
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sides, s0 as to prevent, as much as possible, the form that the 
flame assumes being disturbed by the agitation of the air. 
We must also adjust to the two armatures of the electro- 
magnet (Fig. 156.) a or b, in place of the conical points by 
which they are terminated, the sharper points c and d; and 
then bring them to a distance of about ÿ of an in. from each 
other, and so that they may be at $ or & the height of the 
flame that is interposed between them. Figs. 157. and 157. a., 


-— 





Fig. 157. Fig. 157.0. 


158. and 158a., represent respectively the equatorial and 
axial sections of the flame of a tallow candle subjected to the 
influence of the two polar points, the latter being at the 
distance of 3 of an in. from each other, and successively at 
and at } the height of the flame. Fig. 158. 6. represents the 


“( 


Fig. 158. Fig. 158. a. Fig 158.8, 


flame in this latter case, seen from above downwards ; it has 
the form of an elliptical ring, which surrounds a dark space, 
and which is itself surrounded by a narrow and but slightly 
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iluminated ring. Figs. 159. and 159. a. represent the equa- 
torial and axial section of the flame, when the two polar 





Fig. 159. Fig. 159. a. 


points are at the height of the upper extremity of the wick. 
Before the electro-magnet is magnetised, the presence of 
these iron points, by cooling the flame, prevents its burning 
with its full amount of brilliancy; but immediately the 
electric current is established, and, consequently, magnet- 
isation is produced, the flame not only recovers its original 
brilliancy, but even burns with more force, although still 
being depressed. Of all flames, the one upon which the 
action of the magnetism is the most remarkable, and produces 
the most decided alteration of form, is the 

flame arising from the combustion of es- 

sence of turpentine. We see (in Fig. 160.) 

the appearance that it assumes, and the 

two columns of smoke that rise, like the 

branches of a parabola. When withdrawn 

from the influence of the poles of the 

electro-magnet, this flame is perfectly 

cylindrical and very short, and sur- 

mounted by a long column of smoke, also 

cylindrical. It is not without some diffi- 

culty that, in all these experiments, we 

succeed in bringing the two polar points 

as near as is necessary, without their mu- 

tual attraction bringing them into contact. 

Fig: 160. We have said that M. Plucker had 

also succeeded in demonstrating the magnetism and dia- 
magnetism of liquids, whose particles, moreover, are movable, 
like those of elastic fluids, by means of the changes of form 
that are determined in them by magnetic influence. It is 
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necessary for this to place the liquid in a very thin watch- 
glass, and to place this watch-glass s0 that it rests upon the 
two armatures of the electro-magnet, which are so turned 
that they each present, on the side where they face each 
other, a slightly rounded form, like the lower form of the 
piece a of the Fig. 156. If we pour into the watch-glass a 
magnetic liquid, for example, chloride of iron, 80 that it 
presents in its lower part a circular surface of about an inch 
in diameter, we see it successively assume forms which 
depend on the greater or less proximity of the two polar 
armatures. In all the figures that follow, the two arcs of the 
circle, described with large radii and marked with finer lines, 
represent the edges of the two armatures upon which the 
watch-glass rests; the dotted lines are the horizontal and 
vertical sections of the liquid before the armatures are 
magnetised, and the full and strong lines these same sections 
when magnetisation makes its influence to be felt. We see 
in the Fige. 161., 162, 163., 164, which represent the 
horizontal sections of the liquid, that, when the armatures 
are very near together, it assumes an elliptical form, 








Fig. 162. 
Ed D — — 
Fig. 161. a. Fig. 162. a. 
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Fig. 161. b. Fig. 162. b. 
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elongated in the equatorial direction, C D: and changes its 
form by elongating in the axial direction AB, in proportion as 
the armatures are drawn apart. The latter are placed suc- 
cessively at distances from each other of “098, ‘393, -590, 
“905, 1‘21 inches. The same letters represent in each case 





Fig. 163. b. 


the vertical sections of the liquid: those marked with the 
letter a, in the direction of the axis, or axial ; those marked 
with the letter b, in the direction perpendicular to the axis, 
or equatorial. Fig. 164. has no vertical section in the equa- 
torial direction, seeing that this section is reduced to a simple 
right line. The mass of the liquid remains constantly the 
same in all the experiments. 

At the distance of ‘59 in. (Fig. 163.) the liquid contracts 
in the equatorial as well as in the axial direction; in this 
latter direction its convexity diminishes, and it changes in 
concavity in the former. With regard to the vertical section 
in the direction of the axis (Fig. 163.a.), it indicates a hollow, 
like a valley, in the middle, with two protuberances near the 
edges, exactly at the points corresponding to the vertical 
projection at the edges of the armatures. The vertical 
section, in the direction perpendicular to the axis (Fig. 163. b.), 
continues to be a right line, terminated at its two extremities 
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by two slight curves. Fig. 164., which represents the form 
of the liquid when the armatures are at the distance of ‘905 
in., indicates the same effects, but in a still more decided 
manner; the contraction, in particular, in the equatorial 
direction, is much more powerful. When the distance is 
extended to 1‘21 in., the edges of the armatures are found 
withoutside the circle formed by the liquid in its natural 
state, this circle being only about an inch in diameter. It 
follows from this that the alteration of form is feeble, and 
consists in the transformation of the circle into an ellipse, 
slightiy excentric in the direction of the axis. 

If, instead of a magnetic liquid, we place in the watch- 
glass a diamagnetic liquid, this liquid, when the armatures 
are at the distance of “098 in., as in Fig. 161., acquires a form 
whose vertical section in the direction of the axis is repre- 

LA s Sented by Fig. 165.; and by Fig. 
= 166., when the two armatures 
are at the distance of ‘590 in., as 

Fig. 165. in Fig. 162. We see that the 

A R Protuberance, that occurs at 


nn." these small distances above the 


De Le 


Fig. 166. edges of the armatures, when 

the liquid is magnetic, is replaced, 

when the liquid is diamagnetic, by cavities; but which are 

less decided, it is true, than werc the protuberances. In 

both cases, the liquid ceased to obey the laws of hydrostatics, 

by the effect of the attraction or repulsion exercised upon its 
particles. 

In order to determine whether a liquid is magnetic or 
diamagnetic, it is sufficient, therefore, to pour a small 
quantity of it into a watch-glass, placed upon the two 
armatures, s0 arranged that they are about a tenth of an inch 
apart. The liquid immediately undergoes the change of 
form that we have been describing; and from the new form, 
which is different in each case, we conclude that the liquid 
is magnetic or diamagnetic. If the change of form is not 
sufficiently decided for us to perceive it by looking directly 
upon the surface of the liquid, we may render it sensible, 
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provided it exists, by the image that is given by reflection 
upon this surface of a distant object. It is well to remark, in 
terminating this subject, that the arrangement assumed by 
a magnetic liquid, under the influence of the two poles, is 
altogether analogous to that which is determined upon a fine 
magnetic powder, such as iron filings, by this latter influence ; 
that is to say, that the particles of the liquid, like those of the 
powder, tend towards all the points where the force of the 
magnet is the greatest. With a diamagnetic liquid, the form 
is such that the particles of liquid appear to avoid these same 
points We may very readily prove by this means the 
diamagnetism of water, of alcohol, and even of mercury ; for 
mercury we have merely to place it in a capsule of metal, the 
interior surface of which has been previously amalgamated. 
It is remarkable that, when subjected to this proof, the red 
solution of cyanuret of potassium showed itself magnetic, 
and the yellow diamagnetic ; whilst, in the solid state, these 
two bodies, as Faraday observed, are diamagnetic. 


Magnetic Properties of Crystals and the Magneto-crystalline 


Force. 


M. Plucker, being desirous of finding the extent to which 
the direction of the fibres in organic bodies might influence 
their magnetic or diamagnetic properties, was led to inquire 
whether in crystals the direction of the optic axes, which 
itself depends upon the arrangement of the particles, might 
not also exercise some influence. He first submitted to the 
action of the electro-magnet a thin plate of tourmaline, such 
as is employed in experiments upon polarisation, having its 
optic axis parallel to its longest length. It was very quickly 
perceived that the plate was magnetic, by the effect of the iron 
that it contains; but it was suspended successively in three 
ways, first so that its longest side was vertical, then so that 
the shortest side was vertical, and finally, so that the plate 
itself was horizontal. In the first case it is directed between 
the two points of the conical armatures of the poles, like a 
magnetic body; in the other two cases, on the contrary, it 
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took the direction assumed by diamagnetic bodies, that is to 
say, a direction such that its longest length was perpendicular 
to the line joining the poles. This direction indicated that 
the optical axis was repelled by the two poles, and that this 
repulsion outweighed the magnetic properties of the crystal. 
Other tourmalines, obtained from different sources, which 
were submitted to experiment, both transparent as well as 
opaque, gave the same result. Although magnetic, they 
placed themselves, when at a certain distance from the poles 
of the electro-magnet, s0 that their optical axis was perpen- 
dicular to the axial line connecting the two poles. It is 
important to remark that the force which produces the 
repulsion of the optical axis diminishes in intensity with the 
distance of the poles of the electro-magnet from the crystal, 
in a proportion less rapid than the magnetic or the dia- 
magnetic force that acts upon the entire mass of the substance. 
On which account, in order to annul the effects of this latter 
force, and to perceive that of the former, the magnetic poles 
must be withdrawn to a certain distance. 

A plate of calcareous spar was submitted to the same 
proof ; its two large faces were perpendicular to the optic 
axis, and it was first seen to direct itself equatorially, conse- 
quently, s0 that its optical axis was itself directed axially ; a 
result of the diamagnetism of the substance. But the poles 
of the electro-magnet having been made to recede, the axis of 
the crystal assumed the equatorial direction, as if the substance 
were itself magnetic. Beryl, dioptase, vesuvian, which are 
all magnetic substances, present the same phenomenon as 
tourmaline and calcareous spar; we should not omit to 
remark that all those crystals endowed with double refraction 
are negative, that is to say, that in double refraction the 
extraordinary ray is repelled by the axis With regard to 
the crystals with two axes equally negative, such as mica, 
their two axes are equally repelled by the two poles, which 
causes them to take a direction such that their mean line 
places itself equatorially. All these experiments were made 
with the apparatus, Fig. 156., in which a cocoon filament, 
terminated by a small hook, serves for suspending the crystal 
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between the two conical armatures adjusted to the poles of 
the electro-magnet. 

Some observations, that are not very decided, made upon 
quartz and topaz, which are positive crystals, namely, in 
which the extraordinary ray is attracted by the axis, had at 
first led M. Plucker to extend to all crystals the laws that we 
have just laid down ; when some fresh researches of Mr. Fara- 
day’s established in this respect a characteristic difference 
between the different crystalline substances ; differences, the 
accuracy of which were confirmed by further researches by 
M. Plucker himself. 

Struck by the irregularities that certain specimens of 
bismuth presented to him in the action that is exercised upon 
them by the magnet, Faraday satisfied himself that, although 
always strongly diamagnetic, this metal presents a particular 
polarity in its crystalline state. Having obtained by the 
ordinary process well determined crystals of bismuth, and 
which weighed from 18 grs. to 100 grs., he suspended one 
delicately by a filament of cocoon silk between the poles of 
the electro-magnet. À first specimen, weighing 25 grs., 
commenced by oscillating powerfully round a given line, in 
the direction of which it finally fixed itself with force, 
returning to it as soon as it was removed from it: this 
direction was such that the great axis was situated axially in 
respect to the poles. Another specimen, whose axis was ot, 
like that of the preceding one, situated in the longer length of 
the crystal, apparently directed itself equatorially, but always 
so that its axis was situated axially in respect to the poles. 
In gencral, pieces fashioned in all possible manners, all directed 
themselves and took a final position, which had no relation 
with the exterior form, but depended evidently upon the 
crystalline state of the substance. Bismuth in a mass always 
remains powerfully diamagnetic, and continues to be repelled 
by each of the poles of the magnet; which does not prevent 
its axis directing itself axially, as would that of a magnetic but 
not magnetised substance; for, providing that the direction 
remains axial, it is of little consequence whether it be one or 
other of the extremities of the axis, that is situated towards 
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one or the other pole. Thus, the directive force and the final 
position of the crystal are axial, and the crystal may fix itself 
with equal facility and on equal permanence in the two 
positions diametrically opposed ; so that, between the latter, 
there exist two positions of equatorial equilibrium, which are 
naturally unstable. On which account the property in question 
is better expressed by the words axial or ariality, than by the 
words polar and polarity. Mr. Faraday also called the line 
according to which the directive force is exercised the 1magne- 
crystalline line, in order to distinguish it from the force, which 
he calls magneto-crystalline. 

The direction of the force is not easy to be determined 
beforehand in the crystal, although it is connected with the 
mode of crystallisation; but the latter is sometimes a little 
confused. În general, experiment shows that the magne- 
crystalline line is perpendicular to the small cleavage plane 
determined on removing one of the solid angles of the cube ; 
that is, obtained by detaching an isolated crystal of bismuth 
from a solid mass. It is easy to recognise the direction of the 
line, by suspending the crystal in different manners; because 
it is always directed s0 that this line, or the plane containing 
it, is axial If the mode of suspension is such that the 
magne-crystalline line is vertical, then the crystal does not 
direct itself at all, as was the case in M. Plucker’s experiments 
with the plate of tourmaline. It is evident, in fact, that this 
axis has all its points situated symmetrically in respect to the 
two magnetic poles, and there is no reason that it shall 
not remain vertical By combining together several pieces ot 
bismuth, for example, three equal plates arranged rectan- 
gularly one in respect to the other, we may easily obtain a 
system that has lost all power of directing itself under the 
influence of the magnet, the force being neutralised in all 
directions. This happens with amorphous bismuth, which is 
obtained by melting a uniform mass of crystals and allowing 
them to cool tranquilly in a glass tube: the mass thus 
obtained is without magne-crystalline force. The same result 
is obtained by breaking the crystal and placing its fragments 
or its powders in a tube which is submitted to the action of 
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the magnet. In every case the mass always obeys the laws 
of diamagnetism, and consequently places itself equatorially. 

The surrounding media exercise no influence over the 
magne-crystalline property of bismuth, which establishes a 
further difference between this action and diamagnetic action. 
Mr. Faraday only found two crystals of bismuth, both of 
which, being directed by an electro-magnet, are able to 
exercise a mutual influence upon each other; he thought he 
found indications that a crystal, freely suspended, assumed a 
direction, under the magnetic action of the earth, so that its 
magne-crystalline axis was nearly parallel to the direction of 
the dipping-needle. 

À crystal of bismuth takes a direction in a helix, traversed 
by an electric current, in such a manner that the magne- 
crystalline axis is parallel to the axis of the helix. 

Antimony and arsenic present the same phenomena as 
bismuth. In antimony, the magne-crystalline line, which 
places itself axially, is directed, as in bismuth, from one of 
the solid angles to the opposite angle, and is perpendicular to 
the face obtained by knocking off the cleavage angle. Anti- 
mony presents a singular phenomenon, that is due to its 
conducting power for electricity, which is superior, when the 
metal is in its crystalline state, to that of bismuth. There is 
a kind of stopping or revulsive action, that it experiences in 
its movement of direction, at the moment when the current, 
by which the elcctro-magnet is magnetised, is interrupted. 
The development of inductive currents is the cause of it; so 
that this particular species of action depends greatly upon 
the continuity of the mass. Thus it happens that a large 
piece of antimony possesses it in a higher degree than several 
small fragments, and the latter in a higher degree than the 
substance reduced to powder. ‘In order to protect it from 
this revulsive movement, which may sometimes prevent the 
very distinct manifestation of the magne-crystalline power, it 
is preferable to employ an ordinary magnet, which, being 
more feeble than an electro-magnet, is sufficient for deter- 
mining the direction of the magne-crystalline axis, without 
leading to the inconvenience of producing inductive cur- 
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rents. Whatever may be the case, if we operate upon small 
fragments, and in particular with narrow plates, which have 
as much directive force as wide plates, but which are un- 
favourable to the production of inductive currents, we obtain 
the desired direction in a very evident manner. With a 
little attention, we also sce this direction manifested, even 
when these precautions have not been taken; and it is easily 
detected in the midst of the revulsive movements, and of the 
kind of resistance which this érystal appears to undergo. 

With regard to arsenic, although powerfully diamagnetic, 
it no less possesses, in the crystalline state, the magne- 
crystalline force. À plate, whose cleavage faces were very 
flat, when placed before one of the poles of the electro- 
magnet, was strongly repelled; but, when suspended between 
the two poles, directed itself immediately so that its magne- 
crystalline line was axial. 

It was in vain that Mr. Faraday endeavoured to discover 
the magne-crystalline force in other metals in the crystalline 
state ; he was not able to succeed, except perhaps with two 
alloys, one of iridium and osmium, and the other of titanium 
and tellurium, which gave him some signs. But, on the 
other hand, sulphate of iron, and that of nickel in the crystalline 
state, clearly manifested a magne-crystalline direction, com- 
pletely independent of their magnetic properties. 

It is easy to see that Faraday’s experiments are altogether 
of the same order as those of Plucker. Thus, this latter 
philosopher was led to admit, that, among crystals, there are 
some whose axis is attracted, as there are others whose axis 
is repelled, by the magnetic poles; the crystals studied by 
Faraday belong to the former category, those upon which 
M. Plucker made his first experiments belong to the latter. 
Now, crystals of bismuth, antimony, and arsenic have the 
form of rhomboids ; they are, consequently, crystals with a 
single axis: but, as they are not transparent, we cannot 
know whether they are negative or positive. On the other 
hand, by subjecting other crystals to experiments, M. Plucker 
arrived at this simple law, namely, that if the crystal is 
positive, there is attraction ; that is to say, the optical axis 
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is directed axially ; whilst, as we have seen, if the crystal is 
negative, there is repulsion, and the axis is directed cqua- 
torially. According to this, the crystals of bismuth, antimony, 
and arsenic would be positive, as are quartz, diopside, augite. 

À very remarkable thing is that a crystal of cyanite, deli- 
cately suspended from a cocoon filament, is influenced by 
terrestrial magnetism, as it is by a magnet; and, in con- 
sequence, it takes the same direction as is taken by a true 
magnetised needle. It is not necessary that the crystals of 
cyanite should have been previously submitted to the action 
of a magnet, in order to acquire this property ; they possess 
it of themselves. It appears that terrestrial magnetism de- 
velopes in them a true polarity ; for it is always the same 
extremity that is directed towards the north, and the same 
towards the south. But, of all crystals, that which is most 
powerfully directed by terrestrial magnetism is stannite, or 
oxide of tin; this is a positive crystal of one axis, whose 
optical axis is perpendicular to its greatest dimension: whence 
it follows that, when it is directed by the terrestrial globe, one 
of its extremities is turned toward the east, and the other to- 
ward the west. This same crystal presents a phenomenon that 
others have not been able to offer to us; it is that, when it is 
brought near to a delicately suspended magnetised needle, 50 
tliat its axis is very close to this needle and is parallel to it, 
it draws this needle with it, thus surmounting the directive 
force of the globe. Mr. Faraday, by taking great precautions, 
had already obtained the same result with a crystal of bis- 
muth, but the effect was much less decided. 

The magne-crystalline phenomena, of which we have been 
speaking, are not the only ones that, in crystals, are con- 
nected with the direction and the nature of their axes. Inde- 
pendently of the optical phenomena, which were the first to 
be recognised and studied, there are others that depend also 
on the position of the axes. Thus Savart, when making 
crystalline plates of quartz and carbonate of lime vibrate, 
succeeded in determining a relation between the acoustic 
figures that are produced in them, and the particular mode 
of the crystallisation of the substance. He found that the 
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direction of the optical axis is constantly connected with 
that of the principal forms of the acoustic figures. With 
regard to the molecular structure of crystals, it follows, from 
the same experiments, that the only difference there appears 
to be between carbonate of lime and quartz is that, in the 
former of these crystals, the small diagonal of the rhomboid 
is the axis of least elasticity of the substance; while it is that 
of the greatest elasticity in the latter. This important diffe- 
rence, which indicates an arrangement of particles not identi- 
cal in the two systems, must necessarily exercise an influence 
over the phenomena of light, peculiar to each; we know, in 
fact, that one is a negative crystal of double refraction, and 
the other a positive of double refraction. 

M. Mitscherlich had remarked, that crystals do not ex- 
pand uniformly by the effect of heat; but that this dilatation 
is greater in one direction than in the other; and that this 
difference is connected with their crystalline form. M. de 
Sénarmont has lately observed a no less remarkable fact ; — 
it is, that conductibility for heat, which is equal in all direc- 
tions for the crystals of the regular system, acquires in others 
a maximum or a minimum value, according to directions 
parallel to the crystallographic axes; s0 that the isothermic 
surfaces, which are spheres in the former case, are, in the 
other, ellipsoids elongated or flattened in the same direction. 
These observations show the analogy existing between calo- 
rific and luminous propagation, which are both equal in all 
directions in crystals of the regular system; and which, in 
others, acquire a maximum or minimum value, according to 
the axis of the form. The optical axes do not altogether 
coïncide with the principal axes of conductibility for heat; 
but this coincidence is very near existing, if we take the red 
luminous rays, whose lengths of undulation approach the 
nearest to those of calorific rays. It is enough, therefore, 
to suppose heat comparable, not to ordinary luminous radi- 
ations, but to radiations enjoying the properties of the ex- 
treme red, — a supposition confirmed by a great many other 
facts, including the phenomena observed by M. Sénarmont. 
According to this system, the thermic ellipsoid ought to be 


114 


488 MAGNETISM AND ELECTRO-DYNAMICS. PART I 


flattened in attractive crystals and elongated in repulsive 
ones; which, up to the present time, has been confirmed by 
the results of experiments. 

Finally, M. Wiedmann, by employing a fine point, through 
which he made electricity arrive upon a surface that he had 
powdered with licopodium, or red-lead, succeeded in deter- 
mining, by means of the form assumed by this light powder, 
the conductibility of crystals in different directions. On a 
surface of glass the powder, which dispersed itself around the 
points, in consequence of electric repulsion, forms a circular 
figure traversed by radii, similar to Lichtemberg’s figures. 
When a pallet of gypsum is put in place of the glass, the 
figure is found to become elliptical, and the great axis of the 
ellipse forms a right angle with the principal crystallographic 
axis; which proves that the electricity distributes itself more 
casily in a direction perpendicular to the axis than in any 
other. In quartz, the form is, in like manner, elongated in 
a direction perpendicular to the axis. In tourmaline, and in 
carbonate of lime, for example, the elongation of the form 
occurs in a direction parallel to the principal axis. M. Wied- 
mann draws from these different observations the conclusion, 
that crystals which possess a better conductibility in the di- 
rection of the principal axis, all belong to the class of negative 
. crystals; whilst those which have a better conductibility in the 
direction perpendicular to the axis are positive; which indi- 
cates that the direction of best conductibility for electricity is 
also that according to which light is  propagated relatively with 
greater velocity. 

The rapid glance we have cast upon the principal physical 
properties of crystals, shows us the important part played by 
their optic axes. These are the same axes that we find in 
magne-crystalline phenomena ; but the nature of the influence 
exercised by them over this order of phenomena is the point 
upon which we are far from having any very decided ideas. 

M. Plucker, as we have seen, had thought he was able, 
from his experiments, to arrive at the simple law that, in 
negative crystals, the optic axis is repelled by the magnetic 
poles, and that in positive crystals it is attracted ; that, con- 


CHAP. VL ACTION OF MAGNETISM UFON ALL BODIES. 489 


sequently, it places itself equatorially in the former case, and 
axially in the latter. With regard to crystals of two axes, 
it is the mean line which divides into two equal parts the 
acute angle formed by these axes, that is repelled or attracted 
according as the crystals are themselves negative or positive. 
Cyanite, a negative crystal of two axes, presents this property 
in a very marked manner. 

These laws being established, M. Plucker, setting out from 
Fresnel’s theory, according to which the optical phenomena 
of crystals of one or of two axes depend on the particular 
distribution assumed by the medium in which light is pro- 
pagated, and which philosophers call ether, thought he was 
able to connect the attraction and the repulsion exerciscd 
respectively by a magnet on the axes of positive and negative 
crystals, with this fact, —that, in the former, the axis is the 
place of least elasticity, and, in the latter, that of the greatest 
elasticity of the ether. But some anomalies, presented espe- 
cially by crystals of sulphate of iron, have compelled him to 
renounce this idea. 

Mr. Faraday was struck, .as M. Plucker had also been, 
with what is so extraordinary in a force which, emanating 
from the poles of the magnet, directs from afar a prism of 
tourmaline, for example, so that the extremities of the crystal 
recede from the same poles which attract its total mass. He 
had consequently admitted that this force is neither attractive 
nor repulsive, but a simple directive force due to a species of 
radiation, which, emanating from the magnetic poles, traverses 
the interposed crystal, and compels it, according as it is 
either positive or negative, to place itself so that its axis is 
parallel or perpendicular to the line according to which this 
radiation operates. This manner of regarding the action had 
been suggested to Faraday by the phenomena presented by 
polarised light when it is traversing transparent bodies sub- 
Imitted to magnetic influence, phenomena upon which we shall 
be engaged in the sequel. À circumstance that, in his 
opinion, shows the difference existing between the two species 
of force, is the different law they obey, according to distance ; 
that which acts upon the whole mass, and which is attractive 
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or repulsive, diminishing more rapidly than that which acts 
upon the optic axis alone, and which is only directive. Ob- 
servations made upon several crystals, and especially upon 
that of sulphate of iron, would become inexplicable without 
this mode of regarding the phenomena. 

It is impossible, however, not to perceive, that Faraday’s 
theory does not justify, any more than Plucker’'s does, the 
extraordinary circumstance of seeing the same crystal sus- 
ceptible of presenting perfectly contrary phenomena, according 
as it is regarded in its mass or in its optical axis. ‘These two 
philosophers are equally compelled to adrmit, that the axis, in 
its quality of axis, and independently of the very nature of 
the substance of the crystal, enjoys peculiar properties more 
frequently in apposition to those possessed by the substance 
itself, or which at least are altogether independent of them. 
They are therefore constrained, contrary to the opinion of 
one of them, M. Plucker, to admit that magnetic action may 
be exercised independently of ponderable matter; which is 
the case when the axis is subjected to the action. 

But from the new experiments made by MM. Tyndall and 
Knoblauch, subsequently to those of Plucker and Faraday, it 
follows that it is not necessary to admit, as these two philo- 
sophers had thought, two different species of action or force. 
MM. Tyndall and Knoblauch succeeded, by a very detailed 
study of the subject, in recognising that the magnetic pro- 
perties of the optical axis are connected with a general 
principle, namely, that when the molecular constitution of 
any body is such that the particles of which it is formed are 
nearer to each other, according to a certain direction, than in 
the rest of the mass, this direction, all other circumstances 
remaining the same, is that in which the forces which are 
acting upon the body manifest their action with the greatest 
energy ; 80 that the line which represents this direction places 
itself axially or equatorially, according as the substance is 
magnetic or diamagnetic. If this predominant influence of 
the action exercised upon such of the particles as are situated 
in the direction in question is not always manifested, it is due 
to circumstances whose effect admits of easy explanation. 
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Thus, when the two electro-magnetic poles terminate in cones 
whose summits are very near to a crystal suspended between 
them, the local action of these poles upon the faces of the 
crystal that are very near to them exceeds that which is 
exercised upon the more distant axis; because this latter, 
although the more powerful, is exercised at a distance pro- 
portionately much greater : but, if the polar points are sepa- 
rated, the influence of the relative distance of the faces and 
of the axis of the crystal in respect to these points becomes 
much less, and almost null; and then it is the action exercised 
upon the axis that becomes the more powerful. Tourmaline, 
as we have seen, furnishes us with a remarkable example of 
this effect. If, instead of being terminated by points, the 
poles of the electro-magnet present surfaces a little extended, 
between which the crystal is suspended, the latter, being 
entirely plunged in the field of magnetic forces, directs itself 
according to the action exercised upon its axis, even when it 
is very near the polar surfaces. In this mode of explaining 
these phenomena, the action of the magnet is always exercised 
upon the particles; and it is according to their magnetic and 
attractive, or their diamagnetic and repulsive nature. The 
only difference that exists in this respect between crystals 
and other bodies is, that by the fact of their non-homogeneous 
structure, crystals present certain directions, according to 
which the action, whether magnetic or diamagnetic, is more 
energetic than it is for other directions, on account of the 
greater approximation of the particles that occurs in these 
same directions ; a phenomenon altogether analogous to that 
of dilatation for heat, which, in a crystal of calcareous 
spar, for example, operates more powerfully, according to 
Mitscherlich, in the direction of the optical axis, because the 
particles, being more closely packed along this direction than 
along the others, repel each other with more energy for the 
same elevation of temperature. 

The theory that we have been explaining is based upon 
very numerous facts, observed and analysed with great care 
by MM. Tyndall and Knoblauch. We shall content our- 
sclves with describing some of them, selecting the most 
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salient : — First, in order to show the influence of structure 
upon the direction assumed between the poles of the electro- 
magnet by any substance, we have merely to cut some pieces 
of gutta percha which has been rendered fibrous in manu- 
facture, s0 that the fibres are in the direction of the greatest 
length, or in a direction perpendicular to this greatest length, 
to see them direct themselves axially or equatorially. Ivory, 
whose toothy structure renders it naturally fibrous, may also, 
according to the manner in which it is cut, direct itself 
axially, although diamagnetic. We may thus imitate, with 
gutta percha and with ivory, almost all the experiments that 
are made with the negative and positive crystals. 

This influence of structure becomes evident in magne- 
crystalline phenomena themselves, when, instead of confining 
ourselves to certain kinds, our observations are extended over 
a very large number of crystals, care being at the same time 
taken to wash them and to remove from their surface the 
slightest traces of impurity, the presence of which is sufficient 
to give rise to grave errors. We find, for instance, that a 
crystal of calcareous spar and a crystal of carbonate of iron, 
which have necessarily the same crystalline form, take «a 
direction, the former being diamagnetic, so that its optical 
axis is situated equatorially, the latter magnetic, so that its 
axis is situated axially. It is even sufficient, in the crystal 
of calcareous spar, that a part of the lime be replaced by 
an oxide of iron, as in dolomite, without the crystalline 
form being changed, for the optical axis to become directed 
axially, from having formerly been equatorially. Sulphate 
of magnesia and sulphate of zinc have exactly the same 
crystalline form, and they are both diamagnetic : they place 
themselves so that their axis is directed equatorially, whilst a 
crystal of sulphate of nickel, which has the same form as the 
two others, has its axis directed axially, even when it is much 
more contracted in the direction of the axis than in all other 
directions. It follows, therefore, from this, that it is not the 
crystalline form, but rather the chemical nature of the crystal 
which is the influencing cause. A very great number of 
other crystals form an equal exception to Plucker’s law: 
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thus, in sugar, which is a negative crystal, the plane of the 
axis is directed axially ; topaz, which is a negative crystal, 
places itself axially and not equatorially, if care be taken to 
free it from all the impurities with which its surface is gene- 
rally covered, by boiling it in muriatic acid, and then rubbing 
its surface with very fine white sand. In fine, among the 
positive crystals of two axes, that do not obey Plucker's law, 
we may mention heavy spar, cœlestine, and ferro-cyanuret 
of potassium; among negative crystals of one axis, carbonate 
of lime and of iron, and a great number of others; among 
negative crystals of two axes, dichroite, sugar, sulphate of 
zinc, and sulphate of magnesia There are, on the other 
hand, a certain number of crystals, such as calcareous spar, 
tourmaline, beryl, arragonite, which enter into the law ; these 
are precisely those upon which M. Plucker’s observations had 
been principally made * : but the number of exceptions is too 
considerable for the law to be maintained; whilst all the 
facts are in accordance with the principle which makes them 
depend upon the non-uniformity of the molecular constitution. 

It is easy to show how merely a certain direction of the 
axis, according to which the particles are more closely con- 
gregated, is required in order to determine the position of the 
whole mass. À small circular cake or disc, made of a 
mixture of flour and iron filings, places itself naturally in an 
axial direction between the poles of the magnet. If we 
transpierce it by a small fragment of iron wire passing 
through its centre, the disc places itself equatorially, although 
magnetic, by virtue of the tendency possessed by the iron wire 
of placing itself axially ; but the repulsion is only apparent : 
if we replace the iron filings by bismuth powder, and the iron 
wire by a fragment of bismuth, the reverse phenomena occur ; 
the disc, although diamagnetic, places itself axially, by the 
effect of the tendency of the fragment of bismuth to place 
itself equatorially, and the attraction in this case, too, is only 
apparent. We may even imitate artificially the natural ar- 


* M. Plucker, in a recent and more complete work made with M. Beer, has 
himself recognised a great number of exceptions to the law, which he had at first 


thought to be general. 
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rangement of particles that is assumed in this mode of ex- 
plaining the phenomena. Fine bismuth powder, mixed with 
gum water, may be made to form a cylinder, which, when 
suspended between the magnetic poles, directs itself equato- 
rially ; but, if this kind of paste be pressed very strongly 
between two sheets of pasteboard, a thin plate is made of it, 
which directs itself axially with much force, although its 
length may be ten times its thickness. Under similar con- 
ditions, a paste of carbonate of iron and gum water conducts 
itself precisely in an inverse manner. The cause of this 
double phenomenon is evident; the line, according to which 
the contact of particles is more intimate, is in each of the 
two cases perpendicular to the surface of the plates, in conse- 
quence of the pressure which the particles have undergone in 
this direction. And this perpendicular line takes an equato- 
rial or an axial position, according as the substance of the 
plate is diamagnetic or magnetic. What is here obtained 
artificially must occur naturally in such cases as those pre- 
sented by crystals, whose mass is not perfectly homogeneous, 
and in which, consequently, there exists a certain direction in 
which the action of the forces is exercised in a more favour- 
able manner than in others. This direction may be called the 
line of elective polarity ; it is axial in magnetic bodies, equato- 
rial in diamagnetic. 

Ït is not so much the direction of the axis, as it is that of 
the planes of cleavage, which influences the position assumed 
by a crystal between the poles of the electro-magnet, a position 
which must be such that the planes of cleavage take the equa- 
torial direction in diamagnetic crystals, and the axial direction 
in magnetic. In the examples that we have already quoted, 
the influence of the planes of cleavage is confounded with that 
of the axes, seeing that the position of these planes is in each of 
the crystals the same in respect to the axis. But there are 
other cases in which, this position being no longer the same, 
we may prove that it is the direction of the plane that is the 
influential cause, Two cubes of the same dimensions, the 
one of beryl, the other cut in a prism of scapolite, both mag- 
netic crystals, direct themselves, the former so that its axis 
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is situated equatorially, the latter so that it is situated 
axially. This comes from the planes of cleavage being per- 
pendicular to the axis in beryl, whilst they are parallel in 
scapolite ; we see that, equally in both cases, the planes of 
cleavage are directed axially, as with sulphate of nickel. On 
the other hand, two cubes, one of saltpetre, the other of topaz, 
crystals that are both diamagnetic, place themselves, the 
former with its axis directed equatorially, the latter with its 
axis directed axially, which is due to the planes of cleavage 
being parallel to the axis in saltpetre, and perpendicular to 
the axis in topaz; but it hence follows that equally in both 
cases, the planes of cleavage are directed equatorially, as 
with sulphate of zinc and sulphate of magnesia. 

We may very well explain this influence of the planes of 
cleavage, by bearing in mind that crystals may be considered 
as formed of very thin molecular plates, juxtaposed and ad- 
hering by the effect of cohesion ; without, however, their being 
in absolute contact with each other. The empty spaces that 
are assumed, in the corpuscular theory, to separate the par- 
ticles from each other, are found in crystals to separate the 
parallel plates whose union constitutes the crystal. Hence 
nothing is more natural than that these plates should take 
an axial direction if they are magnetic, and an equatorial if 
diamagnetic. Ît is even easy to prove directly that such 
must be the case, by imitating artificially this structure of 
crystals. 

We make use of sand-paper, in which the sand or emery 
on the surface is magnetic, while the paper itself is compara- 
tively indifferent. By cutting a number of strips of this paper 
an inch long and a quarter of an inch wide, and gumming 
them together, so as to form a parallelopiped, we have a 
model of magnetic crystals, which cleave parallel to their 
axis, the layer of sand representing the magnetic crystalline 
plate, and the paper the intermediate space between two 
plates. For such a model, one position only is possible 
between the poles, the axial. If, however, the parallelopiped 
be built up of squares, equal in area to the cross section of the 
model just described, by laying square upon square until 
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the pile reaches the height of an inch, we have a model of 
those magnetic crystals which cleave perpendicular to their 
axis. Such a model, although its length is four times its 
thickness, and the whole strongly magnetic, will on closing 
the circuit recede from the poles as if repelled, and take up 
the equatorial position with great energy. The deportment 
of the first model is that of scapolite; of the second, that of 
beryl By using a thin layer of bismuth paste, instead of the 
magnetic sand, the deportment of saltpetre and topaz will be 
accurately imitated. M. Rieu, by employing pieces of thin 
card strongly compressed against each other, by means of silk 
ribbons, had long ago observed that two parallelopipeds con- 
structed one like the former model and the other like the 
latter, were directed by terrestrial magnetism, the former 
axially, that is, so that all its planes were parallel to the 
magnetic meridian ; the latter equatorially, that is, so that 
the planes were perpendicular to the magnetic meridian. 
This directive property of clusters of pieces of card is evi- 
dently due to the card itself being slightly magnetic, as may 
be proved by the action exercised upon it by the electro- 
magnet. It is, nevertheless, verÿ remarkable ; and I should 
add that the author of this experiment was led to it by 
views of a very different order, and which I shall bave oc- 
casion to describe when I am treating upon terrestrial mag- 
netism. | 

When the crystals present several planes of cleavage, we 
must substitute for the notion of thin plates that of small 
prisms, and even small cubes, if there are three perpendicular 
planes. In the latter case, which is that presented, among 
others, by rock-salt, the directive force is null; the cleavages 
neutralise each other. Quartz, like common glass, possesses 
a directive power that is scarcely sensible, which is due to 
there existing in the one, as well as in the other, mere traces 
of clcavage. If, instead of presenting planes of cleavage, a 
crystal has a fibrous structure, the force acts in the direction 
of the fibres. In a word, everything that affects the molecu- 
lar structure, must affect, in a corresponding manner, the line 
of elcctive polarity. If the structure disappears, the directive 
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power also disappears, as occurs, according to Faraday’s 
observations, when the temperature of crystals of bismuth 
and antimony is raised to the point of fusion. 

. Thus have we considered the special properties presented 
by crystals, in regard to the action exercised upon them by 
magnets, not as an exception to the general laws of mag- 
netism and diamagnetism, but as a consequence of a par- 
ticular mode of grouping of their particles, which is also the 
cause of the unequal dilatability, and of the unequal conduc- 
tibility for heat and for electricity, according to different 
directions presented by crystalline substances. 


Action of transparent Bodies, subjected to magnetic Influence, 
upon polarised Light. 


- We here arrive at the important discovery, by which 
Faraday prefaced his researches upon diamagnetism, which, 
however, are 80 independent that we have been able to 
explain them first, as, indeed, the logical connection of the 
facts required of us. 

It is well known that a ray of light may be polarised in 
various ways,—either by reflection under a certain angle, 
which varies according to the nature of the reflecting surface, 
—or by its passage through a series of transparent plates, 
or also by being transmitted through a crystal, endowed with 
double refraction. In this latter case there are two polarised 
rays instead of one; the ray that has experienced ordinary 
refraction is polarised as it would have been by a reflecting 
surface of glass, whose plane of incidence should be parallel 
to the principal section of the crystal; and the ray that has 
undergone extraordinary refraction, as it would have been 
by this same reflecting surface with a plane of incidence 
perpendicular to the principal section of the crystal. In the 
experiments of which we have been speaking, this latter mode 
of polarising the light was employed for convenience’ sake ; 
but, instead of using any crystal of calcareous spar, a rhom- 
boid was selected, ‘44 in. in length, and ‘393 in. in width, 
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and about the same in thickness, which is cut into two 
pieces by a plane passing through the parallel diagonals of 
two of the long faces; and which two fragments are then 
united by Canada balsam into the position they had pre- 
viously occupied. The ray is made to pass through this 
rhomboid, thus prepared, in the direction of its length, and 
instead of having two emergent rays we obtain but one, — 
that which undergoes extraordinary refraction ; the other, 
the ordinary one, on encountering the layer of Canada 
balsam, is, by the effect of the great refracting power of 
this substance, reflected interiorly, and, consequently, is not 
able to pass out of the rhomboïd : this difference between the 
coming out of the two radii results from the ordinary ray 
having in calcareous spar an index of refraction greater than 
the extraordinary ray, and hence undergoing total refraction 
more easily. À Nichols prism,—(the rhomboïd of calca- 
reous spar arranged as we have been describing, thus called 
from the name of its inventor,) — presents a very convenient 
means of obtaining a ray of polarised light. When the ray, 
that passes out of it, is received upon a second similar prism, 
so that it traverses it also in the direction of its length, we 
observe, conformably with the laws of polarisation, the fol- 
lowing phenomena: If the planes of the principal sections 
of the two prisms are parallel, the ray comes out of the 
second prism with all its primitive intensity; if the two 
planes are perpendicular, the ray is completely extinguished. 
We may obtain the same result by employing, instead of the 
Nichols prisms, two tourmalines cut, the one parallel, the 
other perpendicular to the optical axis, for they then possess 
the singular property of absorbing, one the ordinary, the 
other the extraordinary ray; 50 that each of them allows one 
ray only instead of two to pass out, although endowed with 
double refraction: so that when they are combined in such 
a manner that the principal planes of their section are pa- 
rallel, the ray that has traversed the former is extinguished 
in its passage through the latter; but if the two planes are 

perpendicular there is transmission of light. The combi- 
nation of two tourmalines, as well as that of two Nichol's 
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prisms, presents, therefore, the phenomenon of total darkness, 
produced by the superposition, according to a certain mode, 
of two transparent bodies. But for observations of this kind 
we generally prefer the employment of two Nichols prisms 
to that of two tourmalines on account of their greater trans- 
parency, for the tourmalines are always more or less co- 
loured, and consequently less translucent than crystals of 
calcareous spar. The name of analyser is given to the prism 
or crystal of any kind, upon which the polarised light is 
received, and which serves to determine, in fact, whether this 
light is polarised, in what proportion it is polarised, if it is 
not totally s0, and what, finally, is the direction of its plane 
of polarisation. The name of polariser is given to the prism 
or crystal by which the light in the course of its transmission 
has been polarised. 

I will now suppose that we have two Nichols prisms 
placed at a certain distance from each other on the same 
horizontal line, and that we are looking through these prisms 
at the light of the clouds, or, which is better still, at that of a 
lamp: from what we have just seen, by turning the prism 
against which the eye is applied, namely the analysing prism, 
we may give it such a position that the light is completely 
extinguished. If we place between the two Nichols prisms 
a piece of glass 14 or 2 in. long and ? in. wide and thick, so 
arranged that the polarised ray traverses it in its length, no 
change occurs in the result of the experiment; but if this 
interposed glass prism is situated on the axial line that joins 
the two poles of an electro-magnet, and so that these poles 
are very near to its extremities, still, however, allowing the 
ray of light to pass above them, the phenomenon is then 
entirely modified. I will suppose the Nichols prisms so 
arranged that the polarised ray is extinguished: now by the 
mere fact that the electro-magnet is magnetised, the light re- 
appears, it disappears again at the moment when the electric 
current ceases to circulate around the electro-magnet. When 
the ray appears again under the magnetic influence, in order 
to make it disappear again we have merely to turn one of the 

sx 
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prisms, for instance, the analyser, through a certain angle, to 
the left or right, according as the north or south pole of the 
electro-magnet is on one side or the other. But if in this 
new position of the Nichols prism, we put an end to the 
magnetic state of the electro-magnet, without, however, making 
any change in the arrangement of the other portions of the 
apparatus, the ray shows itself again. 

This experiment makes manifest this important fact, — 
that the passage of a polarised ray through a glass prism 
interposed between contrary magnetic poles, changes its plane 
of polarisation and makes this plane turn to a certain angle, 
which is determined by measuring the angle through which 
the analysing prism must be turned in order again to ex- 
tinguish the ray, that is, in order to bring back anew the 
two planes of polarisation to being perpendicular to each 
other, In order to measure this angle, the analysing prism is 
fixed in a piece of metal placed in the centre of a divided 
circle, and movable on its axis. An index affixed to the 
piece, and the points of which can traverse successively all the 
degrees of the division, serves to measure the number of 
degrees through which the prism has been turned. 

The substance in which Faraday recognised for the first 
time this remarkable property, is the same heavy glass (boro- 
silicate of lead) that he also recognised to be highly dia- 
magnetic. We shall presently see that the larger portion of 
transparent bodies present the same property ; however, in 
different and lesser degrees than the heavy glass. But we 
must first study a little more closely, and in its details, the 
curious phenomenon that we have been describing. 

Before Faraday's discovery, several substances were known 
which, without the aid of magnetic force, by virtue of their 
proper molecular constitution, possess the faculty, when they 
are interposed in the route of a polarised ray, of making its 
plane of polarisation turn to a certain angle. Among the 
number of these substances, one alone is solid, — a plate of 
rock crystal cut perpendicularly to its optic axis. But it has 
been remarked that, according to the particular crystal from 
which the plates are taken, they make the plane of polarisation 
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turn from the right to the left, or from the left to the right. 
This circumstance evidently denotes differences of structure 
between various specimens of rock crystal ; and, in fact, these 
differences had already been pointed out by Haüy. They 
are due to the crystals of quartz having trapezian faces 
placed on the angles comprised between the faces of the 
prism and the faces of the pyramid; and to the fact that those 
faces, called by Haüy plagiedral, are always on one side 
only ; to the right in some crystals, and to the left in others. 
Circular polarisation indicates this difference, and enables us 
to recognise the class of crystals to which the cut plates of 
quartz belong; but what is very remarkable is, that quartz is 
one example more to be added to those presented by tour- 
maline and boracite, which, as we shall see, possess different 
electricities at their two extremities; a proof that dissym- 
metry in crystals is always accompanied by a peculiar 
physical property. Moreover, plates derived from the same 
crystal of quartz make the plane of polarisation turn in the 
same direction, and in a quantity proportional to their thick- 
ness ; and, when many plates are superposed, the total effect 
is equal to the sum of the effects produced by each, or to the 
difference of the sums of the similar effects, if all the plates 
do not act in the same direction. Finally, when the polarised 
rays are of homogeneous light, and not of white light, the 
deviation of the plane of polarisation is greater, as the po- 
larised light is of a more refrangible nature. In order to 
give an idea of the considerable difference existing in this 
respect between the different species of light, we will quote 
an experiment of Biots, who found with a plate of rock 
crystal ‘039 in. thick, that the deviations of the plane of 
polarisation are, for the extreme red (the least refrangible) 
17° 29’ 47”; for the limiting ray of yellow and green (mean 
refrangible) 25° 40’ 3”; for the extreme violet ray (the most 
refrangible) 44° 4’ 58”. 

It follows, from this last property, that when the polarised 
light is white light, it can never be completely extinguished, 
because the angle, through which the analysing prism must 
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be turned, in order to find the plane of polarisation of the red 
ray, for example, is different from that which would be given 
by the plane of polarisation of another ray. Thus, instead of 
alternations of light and darkness, we obtain, when using 
white light, a series of coloured tints. These tints are com- 
posed of the mixture of all the ruys for which the angle, 
through which the apparatus has been turned, is not that 
through which their plane of polarisation has been deviated 
by the passage of the light through the crystalline plane. 
Thus, with an angle of about 18°, which is that of the de- 
viation of the planes of polarisation in the case of a plate of 
rock crystal ‘039 in. in thickness for the red ray, this ray 
alone is extinguished ; and we obtain a complementary tint to 
the red, arising from the mixture of all the other rays. With 
an angle of about 40”, it is the violet ray that is extinguished, 
and we obtain a complementary tint to the violet. When the 
analysing prism that is employed is not a Nichol’s prism, but 
a simple prism of calcareous spar, there are two images 
instead of one; and these two images, arising from rays 
whose planes of polarisation are perpendicular to each other, 
since one is the ordinary and the other the extraordinary 
image, are found, by the interposition of the plate of rock 
crystal, to have their planes of polarisation equally deviated, 
but always in rectangular positions relatively to each other, 
80 that their tints are complementary. Of this we may easily 
satisfy ourselves by remarking that, whenever the two images 
impinge upon each other, there is a perfectly white spot. 
M. Biot was even able to calculate beforehand the tint of 
each image by thus determining the rays of which it would 
be composed ; and the calculation was found perfectly in ac- 
cordance with experiment. Among these tints there is one 
that has been termed tint of passage, because it lasts only an 
instant, when a succession of tints are obtained by rotating 
the analysing prism; and he has adopted it, in order to de- 
termine the deviation of the plane of polarisation in each 
special case. It has the advantage of being very distinct, 
and of corresponding to only one well defined angle, which 
is not the case with the other tints, for they are more vague. 
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It is given by the extraordinary ray, consequently it is equally 
obtained with a Nichols prism, which allows only one ray to 
pass out. This tint is a bluish-violet, which immediately 
follows the intense blue, and immediately precedes the yel- 
lowish-red in the progress of the rotation. As much by its 
special nature, as by its decided opposition to the other two, 
between which it is always comprised, it is impossible not to 
recognise it with perfect evidence when once it has been 
sought for. By multiplying the deviation obtained for this 
tint by EL we may bring it back to that one of the red rays, 
which is generally the tint, to which the various rotatory 
powers are referred. 

This last observation leads us to add that M. Biot has 
recognised that although quartz is the only solid substance 
presenting the phenomena of circular polarisation, there exist 
a great number of liquid bodies possessing the same property: 
such, amongst others, are the essential oil of turpentine, the 
essential oil of citron, concentrated syrup of sugar, tartaric 
acid, dextrine, — a substance that is extracted from starch, 
and which has received its name from the very property upon 
which we are engaged, in order to indicate that it makes the 
plane of polarisation turn from left to right. 

As the result of the profound study he made on the rota- 
tory power of liquids, namely, on the power they possess of 
making the planes of polarisation of luminous rays deviate 
proportionally to their thickness, M. Biot established that this 
effect results from a proper action exercised individually by 
the molecular groups that are encountered in the course of 
‘the transmitted ray, — an action equal in all the groups if the 
ray is homogeneous, and thus producing equal successive 
deviations, because the plane of polarisation of each simple 
ray shows itself equally deviable, after having been deviated ; 
then the total angular deviation experienced by this plane 
through a measurable thickness of active liquid, is the sum 
of the infinitely small deviations produced by the molecular 
groups, that the ray has encountered in its course. By 
separating this sum from what is due to differences of refran- 
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gibility, of density, and of length, so as to reduce it to ele- 
ments always comparable, we are able to deduce from it an 
angular value, proportional to the infinitely small deviation, 
that would be produced by a single constituent molecular 
group of the liquid, acting in a constant physical condition 
upon the same ray : this value, thus obtained, is what M. Biot 
termed the molecular rotatory power of bodies. 

The molecular rotatory power undergoes no change what- 
ever by the influences that modify the mutual distances of 
the molecular groups, without altering their constitution. 
Thus solutions in water, or in alcohol, of sugar, gum, or 
camphor, have each a molecular rotatory power, which re- 
mains the same, however diluted the solution may be; 
although their absolute action, if the thickness of the stratum 
remains the same, depends on their degree of concentration. 
In like manner also, the essential oïls that possess this power, 
those even that exercise it in contrary directions, may be 
mixed in all proportions together, or with others that do not 
possess it, and the sum of the proper powers of the active 
particles always gives the power of the mixture. But when 
the active molecular groups undergo a change of constitution 
or of chemical composition, their power changes notablr. 
It is the same with modifications in the intimate nature of 
bodies, which chemical analysis has not the power of dis- 
covering, and which are made manifest by the change of mole- 
cular rotatory power. M. Biot succeeded in forming out of 
this property one of the most sensitive of chemical tests ; it is 
unfortunate that it can be applied to only a very limited 
number of substances, 

Finally, a general consideration which demonstrates that 
the action thus exercised upon light is molecular, is the im- 
possibility there is for a ray of light that penetrates per- 
pendicularly a homogeneous liquid, or gas, to be able to 
undergo any change by an action of masses, In fact, all the 
actions of mass, that the medium is able to exercise upon 
the ray, produce symmetrical resultants around the normal of 
incidence; they cannot, therefore, impress upon this ray a 
dissymmetry around this normal. It is this, however, that 
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occurs when the medium makes the plane of polarisation 
deviate to the right or to the left of the primitive plane; but 
always in a fixed direction for the same ray and for the same 
state of material particles, whatever be the relations of position 
or of distance that are established between them, by agitating 
them or by mixing them with others that only separate them 
without modifying them chemically, and without themselves 
having any rotatory power. Such an effect as this increasing 
in a continuous and uniform manner, with the number of 
molecular groups that are traversed by the ray, requires, there- 
fore that each of them should produce its proportional part, 
although infinitely small in the total deviation, that is observed 
through a finite thickness, and that it should always produce 
it the same in all positions, under which it may be presented 
to the ray. Then the dissymmetry thus brought about is 
easily conceived, whilst it would be incomprehensible as the 
action of the mass, or, to express ourselves better, it would 
be mechanically impossible. 

Without staying longer upon the phenomena that we have 
been describing, we shall confine ourselves to remarking that 
the rotatory power of liquids is incomparably more feeble than 
that of quartz; for the most efficacious of these liquids, con- 
centrated syrup of sugar, is thirty or forty times less s0 than 
quartz. Thus, a thickness of ‘039 in. of syrup gives but 
about 30’ of rotation to the extreme red, whilst it is 17° 30’ 
with quartz. So, in order to compare the rotatory power of 
different liquids, they are placed successively in tubes of 
greater or less strength, carefully closed by plugs made of 
very white and very smooth glass, and we thus increase, by 
the thickness of the bed of liquid, that the polarised ray is 
called upon to traverse, the total effect of the deviation of the 
plane of polarisation. When we are engaged upon elastic 
fluids, for example, the vapour of essence of turpentine, in 
which M. Biot recognised the existence of a rotatory power, 
it is necessary to employ much longer tubes; because, in 
general, in order to produce the same effect, the length of the 
path of the polarised ray in a liquid and in vapour ought to 
be in inverse ratio to their respective density. 
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Finally, among the liquids submitted to experiment, we 
will point out furpentine, essence of laurel, and gum arabic, as 
making the plane of polarisation turn from right to left, and 
essence of lemon, syrup of sugar, alcohohc solution of camphor, 
tartaric acid, and dertrine, as making it turn from left to 
right. 

Let us now return to Faraday’s experiments We had 
seen that magnetism is able, by its influence, to impress upon 
a glass prism the same property that quartz alone, among 
solid substances, possesses naturally, namely, that of making 
the plane of polarisation deviate. All transparent substances, 
with the exception, perhaps, of certain crystals and gases, are 
susceptible of experiencing this influence, but the rotatory 
power that the action of the magnet is able to develope in 
them, present certain special characters, which it is important 
to study in order to obtain an accurate idea of this class of 
phenomena. In fact, although the general effect is the same, 
there are very notable differences between the cireular po- 
larisation produced by magnetism, and that which is naturally 
inherent in certain bodies. Thus, for example, this latter is 
the more considerable as the length of the course through the 
substance is greater ; it is much the same with the former, 
but with one condition, that we must not be compelled to 
separate the polar armatures in order to lodge the interposed 
substance; for then we should weaken the magnetic force, 
and should lose on the one hand what we might gain on the 
other. We shall see further on what the laws are, by which 
this diminution and augmentation are regulated, and what 
are the limits of length for the transparent substance, and, 
consequently, the distance for the poles that must not be ex- 
ceeded, in order to obtain the maximum effect. 

In order to obtain the rotation of the plane of polarisation, 
it is important that the transparent substance (the heavy glass, 
for example) should be placed so that the polarised ray tra- 
verses it in the direction of the line that joins the poles of the 
electro-magnet; the effect, however, may occur even when 
only one pole is acting upon the extremity of the glass prism, 
but it is much more fecble. It also occurs if an ordinary 
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horse-shoe magnet is substituted for the electro-magnet. But 
in all these cases it is essential that the glass prism be s0 
placed that the forces emanating from the poles, and which are 
characterised in their direction by the magnetic curves, should 
pass through the glass in the direction parallel, or nearly 80, to 
that of the ray. Thus no effect is observed when the glass 
prism is situated equatorially, that is to say, perpendicularly, 
to the line that joins the poles of the electro-magnet. 

The direction of the rotation of the plane of polarisation, 
as we have said, is connected with the position of the mag- 
netic poles in respect to the direction along which the polarised 
ray travels ; and this direction is such, that if the north pole 
of the electro-magnet is turned on the side of the observer 
who is receiving the ray, and, consequently, the south pole 
on the side whence the ray comes, the rotation occurs for the 
observer from left to right. If the place of the poles is changed 
by changing the direction of the current that is circulating 
around the electro-magnet, the rotation occurs from right to 
left. We may reduce to a very simple law the relation that 
exists between the direction of the rotation of the plane of 
polarisation and that of the magnetism, by which the rotation 
is produced ; for this, we have merely to suppose a piece of 
soft iron put in place of the transparent substance, and to 
represent the direction of the currents that in Ampère’s theory 
circulate around this piece of iron in consequence of the 
magnetisation it undergoes. Now, the law is that the rotation 
occurs in the same direction as that according to which this 
current travels. À more direct mode of making this law 
manifest, is to put in place of the electro-magnet a bobbin, in 
the axis of which the glass prism is placed, so that it is 
enveloped from one end to the other by a girdle of electric 
currents. The effect of these currents is to produce, in the 
same manner as the magnetic poles, the rotation of the plane 
of polarisation ; and the direction of this rotation is such, that 
we may say that when an electric current circulates around a 
transparent substance that is transmitting a ray of polarised 
light in a direction perpendicular to that of the current, it 
causes the plane of polarisation of this ray to rotate in a 
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direction similar to that according to which it is itself tra- 
velling. 

When we employ bobbins or helices to produce the rota- 
tion of the plane of polarisation, we notably increase the 
effect by lengthening them, because it enables us to give 
greater length to the substance traversed by the ray, such, 
for example, as a column of water; but it is useless to give it 
a greater length than that of the helix in the interior of which 
it is placed. It is also indifferent, when the transparent body 
has a less diameter than that of the helix, to place it in the 
axis or out of the axis, provided it is in the interior of the 
helix; for out of the helix the effect is null. Finally, when 
the rotatory power is produced by means of electric currents, 
we must take the necessary precautions to prevent those 
currents, which are generally very intense, from heating the 
substance that is placed in the interior of the helix. 


Determination of the magnetic rotatory Power of diferent 
transparent Substances. 


Faraday, in his first researches, had already operated upon 
a large number of substances, both solid and liquid ; he had 
not been able to discover any trace of rotatory power either 
in air or in other gases, although he submitted them to the 
action of a powerful electro-magnet, and to that of a long 
helix, traversed by an energetic current. With regard to 
liquids, he had tried a very great number, and had found 
them all capable of acquiring in different degrees the rotatory 
power under the influence of magnetism ; even those which, 
like essence of turpentine, already possess it naturally: and 
this rotatory power, superinduced by magnetic action, is 
altogether independent of that which the substance possesses 
of itself; so that if the two rotations occur in the same direc- 
tion they are added to each other, and if they occur in con- 
trary directions, the more feeble is subtracted from the more 
powerful, in order to obtain the definitive result. 

This law has been verified upon many liquids, such as 
essences, solutions of sugar, tartaric and tartrate acid, which 
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make the plane of polarisation turn from the left to the right ; 
as well as upon others, which make it turn from the right to 
the left. With regard to solids, Faraday constantly found 
that the effect is at its maximum in boro-silicate of lead, and 
subsequently in glasses containing lead ; but he was not able 
to succeed in producing it in crystals endowed with double 
refraction, no matter in what way they were cut. Rock 
salt, on the contrary, acquired, under magnetic influence, a 
rotatory power almost equal to that of flint, but which was 
scarcely the third of that of the heavy glass. 

M. Edmond Becquerel, in order to increase the action of 
the electro-magnet upon substances submitted to experiment, 
conceived the happy idea of placing upon the polar surface 
armatures, each pierced with a horizontal cylindrical opening 
at the very spot where the magnetic pole is situate, that is to 
say, at the point whence the magnetic forces seem to emanate. 
The two armatures and the transparent substances are s0 
arranged, that the polarised ray that traverses it the direction 
of its greatest length may pass through the two poles, on the 
outside of which are placed, on one side, the polarising prism, 
and on the other, the analysing prism. By means of this 
apparatus, M. Becquerel successfully repeated Faraday’s ex- 
periments. In order to measure the rotation of the plane of 
polarisation, he made use of the tint of passage pointed out 
by M. Biot, and he obtained, with heavy glass, a deviation 
of 16°. 

He recognised that among liquids the chlorides, especially 
that of zinc, possess a considerable rotatory power. A stratum 
of chloride of zinc, only 0‘39 in. in thickness, made the plane 
of polarisation deviate 6°. Finally, he was able to obtain a 
slight rotation by submitting to the magnetic action certain 
crystals endowed with double refraction. With this view he 
took two plates of quartz, of the same thickness, and of 
opposite rotation, so that on placing them perpendicularly in 
the route of the polarised ray, their effects neutralised each 
other. Each of the plates was 196 in. in thickness. The 
electro-magnet was put in action, and the effect was mani- 
fested, sometimes in one direction, sometimes in the other, 
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according to the direction of the magnetisation, as upon a 
plate of glass, but much more feebly. The magnetic rotation 
was 5° with a specimen of beryl ‘039 in. in thickness, placed 
perpendicularly to the axis. These are two examples, which 
prove that bi-refracting crystals present the phenomenon of 
circular magnetic polarisation, although in a much more 
feeble degree than other substances, 

M. Mathiessen, in a series of experiments, out of a hundred 
crystals that he examined, found only rock salt which was 
sensible to magnetism; the rotation that was produced by a 
thickness of 1°02 in., which is that at which the maximum 
effect occurs, is little inferior to that of boro-silicate of lead ; 
for it is 6°, the other being 9°. Furthermore, M. Mathiessen 
found several vitreous combinations that are more heavy than 
Faraday’s glass; in particular, pure silicates of lead, which 
give an effect more than double that of the boro-silicate. 
Unfortunately they tarnish rapidly in the air. On subjecting 
to experiment two hundred and forty species of glass, the 
same philosopher was able to determine very exactly the 
influence of the chemical composition over the rotatory power 
of the glass; he found that the silicates and the chlorides 
hold the first rank in respect to sensibility ; that oxide of lead 
is the base that acts most energetically, then bismuth, anti- 
mony, zinc, mercury, silver. The rotation is manifested in 
glasses with magnetic bases: perhaps they would produce 
more effect than all others, if their deep colours did not cause 
our being compelled to employ them only in the state of very 
thinplates. À very remarkable fact is that, whenaglass contains 
iron, cobalt, or nickel in so small a quantity that it preserves 
a sufficient transparency, the rotation gradually increases 
with the thickness of the glass, up to 31 inches, which is 
the greatest separation that can be given to the poles in the ap- 
paratus that was employed; whilst glasses without a magnetic 
metal, and at the same time without boracic acid, without soda, 
and without potassa, have their maximum of effect at a much 
less thickness, which varies between half an inch and an inch. 
Anelectro-magnet, that can sustain 551bs., gives, with silicateof 
lead, 20° of rotation, for a thickness of °59 in., and gave no more 
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for a thickness of 1:57 inches. With Faraday’s heavy glass, 
on the other hand, under the same magnetic influence, 4° 
were obtained with ‘59 in, and 9° with 1-57 inches of 
thickness. 

Faraday had observed, that magnetic action does not 
instantaneously develope in a substance the maximum of 
rotatory power, but that this power increases gradually for a 
few seconds, whilst it ceases immediately with magnetisation. 
M. Mathiessen remarked that, for certain slightly annealed 
glasses, the augmentation of rotatory power with the duration 
of the magnetic action is very sensible; but that this augment- 
ation especially occurs, if we change the poles of the electro- 
magnet between which the glass is placed. This happened 
to a silicate of lead, which at first gave 18°, and which after- 
wards gave 20°, after three or four changes of the poles: a 
greater number of subsequent changes made it fall back to 
18°, and afterwards to 15°. After a certain time of rest, the 
same series of operations may be recommenced, and with the 
same results. Ît would seem to follow from this that the sudden 
interruption and re-establishment of the magnetism diminish 
the temper, and consequently increase the rotation of the 
plane of polarisation; but that if they are repeated too great a 
number of times consecutively, they restore a new temper, 
which diminishes the rotatory power. 

Moreover, experiment shows that it is indeed in the very 
interior of the body and not at its surfaces, whose effect would 
rather consist in diminishing the result, that the phenomenon 
of circular magnetic polarisation occurs. Six plates of the 
same glass superposed, the assemblage of which constitutes a 
thickness equal to that of another single piece of the same 
glass, gave a lesser rotation almost in the relation of 11 to 
13: these six plates, cemented together with Canada balsan, 
regain almost the force of the single piece. 

AÏl these results clearly indicate a relation between the 
rotatory powers and a peculiar molecular arrangement, that 
is determined by the influence of magnetism in transparent 
bodies: but, before entering upon the study of the causes of 
the rotation, we have yet to expose the more complete ex- 
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perimental researches that have been made upon this subject, 
and which are due to M. Bertin. 

M. Bertin’s experiments all give what is called total rota- 
tion; that is to say, the angle formed by the two planes of 
polarisation, that is obtained by directing the electric current 
first in one direction and then in another; it is clear that this 
angle is double that which we have hitherto called the angle 
of rotation of the plane of polarisation; but this is of little 
consequence, since we are here concerned in relations alone. 
Furthermore, he determines the rotation of the two planes of 
polarisation by means of the two tints of passage, one observed 
when the current is travelling in a certain direction, and the 
other when ïit is travelling in a contrary direction. This 
mode of observation is superior in accuracy to that which is 
generally employed, because it gives a greater angle, and is 
independent of the determination, which is always very un- 
certain, of the zero, that is, of the position of the analyser, 
for which the light is extinct before the passage of the current. 
M. Bertin, in his researches, employed an electro-magnet, 
furnished with the system of armatures employed by M. Ed. 
Becquerel, or with greater advantage still, of an arrangement 
contrived by M. Rumkorff. This arrangement consists in 
placing the two poles of the electro-magnet facing each other. 
They are two cylinders of soft iron 1°18 in. in diameter, and 
3-54 in. in length, surrounded by a copper wire, ‘078 in dia- 
meter, covered with silk. These twocylinders, fixed horizontally 
by means of a double frame of cast iron, so that their axis is 
on the same right line, are pierced with a round hole, ‘39 in. 
wide, in the direction of the axis, in order to allow a ray of 
light to pass frecly (Fig. 167.); the two poles facing each 
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Fig. 167. 





each other are ‘39 in. apart; and in this space allow of the 
interposition either of a solid body, or of a small tube con- 
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taining a liquid, and terminated by two flat surfaces. The 
two prisms—the polariser and the analyser, are fixed re- 
spectively upon each upright of the frame at the centre of the 
hole, 80 that the light meets one on entering, and the other on 
coming out. 

M. Bertin also employed advantageously several bobbins 
placed successively along the same axis, and containing an 
iron core pierced along its axis by a cylindrical hole; s0 that 
the ray of light might freely travel in the direction of the 
axis from one end to the other. If several glasses are placed 
in the intervals by which the bobbins are separated, care 
being taken that the electric current traverses them all in the 
same direction, we find, as might have been expected, that the 
rotations produced by all these glasses are added together ; 
for they all occur in the same direction, which is that of the 
direction of the current, according to the law discovered by 
Faraday. By this means, we may indefinitely multiply the 
action of a substance, and, consequently, render this action 
visible, however feeble it may be. A file of bobbins 3°93 in. 
wide, and each containing an iron cylinder 1°18 in. in diameter 
pierced along its axis, were centred in succession, one after the 
other, in a wooden trough. This file presented five intervals, 
including the extremities, in which the substances could be 
placed that were submitted to the magnetism ; and the follow- 
ing are the very remarkable results of an experiment made 
with five small vessels filled with sulphuret of carbon, each 
presenting a stratum ‘393 in. in thickness : — 


With 5 vessels placed in the five intervals - 8° 5’ of rotation. 
» 3 » (the two extremes are removed) - 6° 25/ ” 
» 1 only (the middle ones are removed) - 2° ” 
» 6 in contact between two double bobbins - 4° » 


Various similar experiments made with other substances 
equally show that the increase of rotation is less due to the 
increase of thickness of the body, that is submitted to the 
magnetic influence, than it is to the distribution of its different 
strata in the intervals of the bobbins. 

Some philosophers had thought, at the origin of Faraday’s 
discovery, that all solutions had the same rotatory power. The 
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facts observed by M. Bertin demonstrate, in the most peremp- 
tory manner, that this is an error. The following, for instance, 
are the numbers that he found for the rotation produced by 
different anhydrous liquid substances, and for water : — 


Thickness. Rotation 


Bichloride of tin - . - ‘398 in. 7° 30 
Sulphuret of carbon - . . » 7° 
Protochloride of phosphorus  - - n 5° 
Water - . - . . ” 2° 20 


If we pass on to solutions, we find for them a less rotatory 
power than that of anhydrous liquids, especially for alcoholic 
solutions, which are inferior in this respect to aqueous 


solutions. Thus, — 
Thickness. Rotation. 
Chloride of magnesium dissolved in water 5'llin. 6° 5’ 


” ,”, 99 alcohol ss sg 20’ 
Water - . . - - » 4 15 
Alcohol at 36° - . . . » 3° 


M. Bertin, desirous of establishing, for each substance, its 
coefficient of magnetic polarisation, was compelled with this 
view to try and determine the laws that are followed by the 
double opposed influence that is exercised upon the intensity 
of magnetic polarisation by the increase of the thickness of the 
substance, and that of the distance of the magnetic poles, by 
which it is necessarily accompanied. He found, as the result 
of numerous experiments, by employing a single bobbin, and 
successively removing from it a piece of flint-glass which had 
at first been in contact by one of its extremities with this 
bobbin, that 4f the distances of the flint glass increase in arithme- 
tical progression, the rotations of the plane of polarisation de- 
crease in geometrical progression. Then, by putting the piece 
of flint-glass between two bobbins, he succeeded in deter- 
mining the action of each of them; an action that is com- 
pounded of the mutual influence, variable with their relative 
distance, which is exercised upon each other by the opposite 
magnetic poles, between which the flint-glass is placed. 
However, he succeeded in obtaining a formula in which « 
term, dependent only on the nature of the body submitted to 
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experiment, and, consequently, independent of its thickness, 
of its distance from the poles, and of the force of the latter, 
might be determined by means of data furnished by experi- 
ment. He called this term the coefficient of magnetic polaris- 
ation. It represents the rotation that a plate 74 in. in 
thickness would produce, supposing it was in contact with 
the pole. The following table contains these coefficients for 
different substances compared with Faraday’s heavy glass : — 


Ordinary alcohol at 36° 
Ether - - 


Faraday's heavy glass - - - - 1° 

Guinaud's flint-glass - - . + 0-87 
Mathiessen's , - . - - 0-83 
Very dense ,, (from the Conservatoire) - - 0:55 
Common » - . . . - 053 
Bichloride oftin - - . - - 077 
Sulphuret of carbon . - . - 074 
Protochloride of phosphorus - - - 0‘51 
Chloride of zinc, dissolved - . . - 0-55 
Chloride of calcium ,, . . - 0:45 
Water . . . - 025 


Examination of the Nature and of the Cause of the rotatory 
Power that is acquired by Bodies under magnetic Influence. 


The results that we have been describing show us that 
magnetic rotatory power is a specific property of bodies; that 
is to say, that it depends essentially for each on their chemical 
and physical nature. 

But what is the relation that exists between this property 
and the double nature of the body? Before attempting, not 
to resolve, which, in the present state of science, would be im- 
possible, but simply to attack this question, let us endeavour 
to establish satisfactorily the character itself of the phenomenon 
of circular magnetic polarisation, and its relations of resem- 
blance or non-resemblance with that of natural circular 
polarisation. 

These two phenomena are of the same order; they present 
themselves under the same form: and we have seen from 
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Faraday'’s experiments that, in the same liquid, natural rota- 
tion and magnetic rotation are added together or are deducted 
from each other, according as they are in the same or in 
opposite directions. 

An experiment of M. E. Becquerel's comes also entirely to 
confirm this mode of viewing it Having obtained a deviation 
of 16° with Faraday’s heavy glass, he prepared a solution of 
sugar, which, when placed in a glass tube of a suitable length, 
produced the same deviation. Then, by making the polarised 
ray pass successively through this solution and the heavy 
glass, while submitted to magnetic influence, he obtained a 
deviation of 32°, or a null deviation, according as the two 
rotatory powers act in the same direction or in contrary 
directions. | 

But, although the two classes of phenomena may be of the 
same order, there is a fundamental difference between them ; 
it is relative to the direction of the rotation. In circular 
magnetic polarisation this direction is absolute ; it only de- 
pends on the direction of the magnetisms or the currents: 
the polarised ray always turns in the same direction as that 
according to which the electric currents travel, that are 
acting either directly or by the intervention of magnetism 
upon the substance submitted to experiment. In natural cir- 
cular polarisation, the direction is always relative to the 
position of the observer in respect to the polarised ray and 
the substance it is traversing. Thus, if we call one of Nichol's 
prisms a, and the other b, each being able to serve indifferently 
as polariser or analyser, the following is what happens in the 
case of circular magnetic polarisation. If the north pole is 
on the side of a, and the south pole on the side of b, or, what 
comes to the same thing, if the electric currents circulate 
from left to right around the transparent substance, the plane 
of polarisation will be deviated to his right ; but if the observer 
transfers himself to b, and the polarised ray goes from b to a, 
instead of going from a to b, all other circumstances remaining 
the same, the plane of polarisation is indeed deviated in the 
same manner ; but, as far as the observer is concerned, in: 
his new position this deviation occurs toward his left, and no 
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longer toward his right When the circular polarisation is 
natural, things occur quite differently : if, the observer being 
at a, the plane of polarisation is deviated from right to left for 
any substance, such as essence of turpentine, this deviation 
will still occur from right to left, in respect to the observer, 
when he transfers himself to b; and the polarised ray is 
passing from b to a instead of from a to b. The direction of 
the deviation, relatively to the observer, will indeed have 
remained the same, but its absolute direction will have 
changed ; a result exactly the reverse of what we obtained 
with circular magnetic polarisation. 

This important difference explains why, in this latter case, 
we may increase the deviation of the plane of polarisation, by 
making the ray go and return several times in the transparent 
substance that is submitted to magnetic influence ; whilst, in 
the other case, we gain nothing by this mode of operating. 
Take, in fact, a prismatic piece of heavy glass, ‘59 in. square, 
and about 2°36 in. long; take care that its two small extreme 

faces are well polished, and cover them 

with a silver leaf, that presents in- 
E— teriorly a reflecting surface (Fig. 168.). 
| Remove the silver, from a space only 

Fig. 168. ‘118 in. wide, on each of the two 

faces, and 80 arrange the glass that a ray of polarised light, 
introduced obliquely through the exposed part of one of the 
small faces, after two or more reflections upon the silvered 
surface, shall come and escape from the part also exposed on 
the other small face. If the glass is submitted to magnetic 
action, the plane of polarisation will have undergone a de- 
viation three times more considerable after two reflections 
than it would have experienced had the ray only pursued its 
direct course through the glass. In fact, it has made in it 
three courses instead of one ; and, in each, its plane of polaris- 
ation has been deviated to an equal angle. Had it under- 
gone four reflections, and consequently made five courses, 
this deviation would have been quintuple. Then, in the 
experimental combination that we have just becn describing, 
we find a means of multiplying considerably the magnetic 
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rotatory effect. In one of Mr. Faraday’s experiments, the 
deviation was 12° for a ray that had traversed but once a 
piece of heavy glass: it became 36° when the ray, having 
undergone two interior reflections, had traversed the piece of 
glass three times; and 60° when it had traversed it five 
times, having undergone four interior reflections. Here the 
greatness of the effect obtained is exactly proportional to the 
length of the ray submitted to the action of the magnetic 
force : this is due to our being able to increase the length of 
the course, without in any way changing the intensity of the 
magnetic force; whilst, when, in order to obtain this increase, 
it is necessary to lengthen the transparent substance, we are 
obliged to separate the poles; and, as we have already said, 
we lose on the one hand what we gain on the other. 

If we operate in the same manner with a substance naturally 
possessing circular polarisation, the result is quite different. 
In fact, the plane of polarisation of the reflected ray, which 
retrogrades in the substance, experiences a rotation equal to 
that which it would have experienced in the first course of 
the ray ; but this second rotation occurs in a contrary direc- 
tion to the first, that is, from left to right if the former 
occurred from right to left; which experiment has taught us. 
It follows from this, that these two rotations annihilate each 
other; and that when the ray, reflected a second time, finally 
goes out of the substance, the deviation of its plane of polari- 
sation, notwithstanding its three courses through this sub- 
stance, is no greater than it would have been had it made but 
one, Generally, if the number of courses is even, the effect 
is null ; if they are odd, it is the same as if there had been 
but a single course. 

The difference that we have been pointing out enables us, 
in a very simple manner, to bring about circular magnetic 
polarisation in quartz : it is sufficient for this to have a single 
reflection, and consequently only two courses of the polarised 
ray in this crystal; for this double course annihilates its 
natural circular polarisation, and doubles, on the contrary, 
that which is determined in it by the influence of the poles of 
the magnet. 
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À more convenient manner of demonstrating the opposite 
effect, according as one or the other of these cases is under 
consideration, that is produced 
by the double course in oppo- 
site directions in the same sub- 
stance of a polarised ray, consists 
in employing for these experi- 
ments Noremberg’s very simple 
polarising apparatus ( Fig. 169.). 
In this apparatus, the polar- 
isation is produced by the re- 
flection of the light upon an 
inclined transparent glass sur- 
face; the light is first reflected 
from above downward by this 
oblique glass ; it is then reflected 
from below upward by a hori- 
zontal tinned glass placed be- 
low, and traverses vertically 

Fig. 169. the oblique glass plate, in order 
to arrive at the analysing crystal placed on the top of the 
apparatus, and which may be made to rotate round a 
graduated circle. The lower horizontal mirror is arranged 
upon the pole of a powerful electro-magnet; then upon this 
mirror is placed the transparent substance, a piece of Fara- 
day’s heavy glass, for example: s0 long as the current does 
not pass around the wire of the electro-magnet, there is no 
effect; but as soon as it passes it is necessary to turn the 
analyser 10° if the glass is ‘7 in. in thickness, and 21° if it is 
1‘88 in., in order to recover the plane of polarisation: these 
two numbers, therefore, express the rotation of this plane, 
But, by this arrangement, the polarised ray has traversed the 
heavy glass twice; once, when reflected by the oblique glass 
plate, it was directed from above downward ; a second time, 
when reflected by the horizontal glass, it was sent back 
vertically from below upward. The effect, therefore, is 
doubled by the magnetic circular polarisation ; it is, on the 
contrary, annihilated in natural circular polarisation: and 
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thus it is that, by operating in this manner, we prove in the 
best manner possible circular magnetic polarisation in quartz, 
because we annihilate the natural polarisation. 

Let us now return to the comparison between the two modes 
of circular polarisation, and to the fundamental difference 
that we have established between them. It is evident that 
the natural rotatory property of certain bodies, such as essence 
of turpentine, is due to the nature, and not to the arrange- 
ment, of their particles; for, whatever be the direction ac- 
cording to which the polarised ray traverses this fluid, the 
rotation that it undergocs is always the same, from right to 
left; it depends only on the direction of the ray itself: the 
power by which it is produced appears, therefore, to belong, 
in all directions and in all times, to the molecules of the fluid. 
Circular magnetic polarisation, on the contrary, existing in a 
single direction only, namely, in a plane that is perpendicular 
to the line of the magnetic force, it must consequently be due 
to a particular arrangement impressed by magnetism upon 
the particles, according to which they are capable of acting, 
in certain directions in a certain manner; depending on the 
direction of the magnetic or the electric force, and not in all 
directions in a uniform manner, as in the preceding case. 
The natural rotatory property, therefore, is inherent in the 
atom or the molecule, and, consequently, may be considered 
as atomic or molecular, as M. Biot had seen. The artificial 
rotatory property is due to a species of polarity, impressed 
upon the atom or the molecule, which causes it to act only 
according to a direction, and in this direction alone, in one 
way or the other, according as these contrary polarities are 
on one side or on the other. 

Now, what is this peculiar state of the molecule, — this 
polarity, that is impressed upon it by the action of magnetism 
or of electric currents? It has been thought that it is due 
merely to a new arrangement called into being by this action; 
or, in other words, several philosophers have supposed that 
the property of acting upon light acquired by transparent 
bodies under this influence, arises only from a change in 
the relative position of particles, that it would bring about. 
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In support of this opinion, we may first call to our aid its 
analogy with what occurs in magnetic bodies, such as soft 
iron, in which the action of magnetism, or of electric currents, 
produces a new arrangement of the particles. M. Mathies- 
sen’s-experiments, which scem to indicate a modification in 
the tempers of the specimens of glass submitted repeatedly 
to the action of powerful magnetic forces, would also lead us 
to admit that this action modifies the molecular state of 
bodies. Finally, M. Matteuccis rescarches would seem to 
furnish a still more remarkable proof of this. This philo- 
sopher found, that a compression exercised upon heavy glass, 
and upon flint-glass, when subject to magnetic influence, 
nodifies their rotatory power; and in crown glass it makes it 
entirely disappear. The specimens submitted to experiment 
were cubical; and they were compressed in the direction 
normal to the direction of the polarised ray, and consequently 
of the magnetic force. In order to make the experiment, we 
begin by compressing the glass to a certain point; wethen see 
the colours appear, and we turn the analyser, in order to 
return to zero We then make the current pass around the 
electro-magnet; we immediately obtain a rotation, but it is no 
longer equal in the two directions, as it was before the glass 
was compressed. What is curious is, that it is stronger in the 
same direction, in which it had already been necessary to turn 
the analyser, in order to regain the zero, under the effect of 
simple compression, without magnetisation. The difference is 
very sensible: thus, with compressed heavy glass, M. Mat- 
teucci obtained a rotation that was 5°*6 and even 8° in one 
direction, and only 3° or 4° in the contrary direction. Im- 
mediately that the compression ceased, the two rotations 
became exactly equal. Flint-glass gave similar results, but 
a little less decided. The same philosopher also found that 
elevation of temperature increased, in heavy glass and in 
flint-glass, this aptitude to manifest the rotatory property 
under magnetic influence. By always employing the same 
current for the magnetisation, he obtained double the ro- 
tation, by giving to the heavy glass upon which he was 
operating the temperature of boiling oil. The rotation re- 


522 MAGNETISM AND ELECTRO-DYNAMICS. PART IL. 


turned to what it had been before it was heated, when the 
glass was cold. 

These different facts, therefore, prove the relation of the 
phenomena discovered by Faraday with the molecular con- 
dition of the bodies submitted to experiment. But there is 
a wide difference between this and adinitting that this con- 
dition is the cause of it. In fact, with the exception of a few 
traces of temper, and these somewhat dubious, observed by 
M. Mathiessen, nothing hitherto has shown directly that the 
electric and magnetic forces may influence, by their exterior 
action, the molecular constitution of solid non-magnetic bodies. 
Further: liquids, which all manifest, though in different 
degrees, it is true, the rotatory property under magnetic action 
do not owe it to a modification impressed by this action upon 
their molecular constitution; for we may agitate them, may 
make them be traversed by electric currents in all directions, 
without the property being in the slightest degree altered. 
Moreover, direct observations, made with great care, do not 
seem to indicate that the exterior influence of magnetism or 
electricity exercises any effect upon the physical constitution 
of liquids, upon their volume, their fluidity, &c. 

If it is not to an alteration in the arrangement of their 
particles that bodies owe the rotatory power that they acquire 
under the influence of magnetism, we must endeavour to seek 
the origin in some other modification which they experience 
beneath this influence. In fact, this phenomenon does not arise 
from a direct action exercised by magnetism upon light; the 
body is a necessary intermediate; for a polarized ray travel- 
ling in vacuo, or even in a gas, does not undergo any action 
on the part of a powerful electro-magnet. This has been 
proved by Mr. Faraday and several other philosophers: the 
presence of material molecules, or of molecules tolerably 
near together, such as those constituting a solid or a liquid, 
seems therefore to be a necessary condition, On the other 
hand, the action not being exercised upon the particles, so as 
in any way to modify their relative position, it is necessary to 
admit that it is upon the particles in their relation with the 
ether by which they are enveloped that it occurs; but, in 
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order that the action which the particles exercise naturally 
upon the ether may be modified by the magnetic force to 
which they are subjected, it is necessary that this ether be in 
that particular state that follows from the close approximation 
of the particles. Now this particular state consists in that it 
is more dense and more elastic in solid and liquid media than 
in the gases ; which, as we know, is the cause of the high 
refracting power of the first two classes of bodies. 

Thus the magnetic force would not act upon the ether by 
the intervention of the particles, except when it is in a certain 
state of density, arising from the action exercised naturally 
upon it by the particles, and would act the more powerfully 
as this density should be more considerable. As it does not 
depend wholly upon that of the body, that is, upon the 
nearness of the particles of which it is constituted, but rather 
upon the nature of these particles, it is not always the densest 
bodies that are the most refracting, and which consequently 
ought to experience the greatest amount of circular magnetic 
polarisation. Experiment entirely confirms this mode of 
viewing the subject; and if we cast our eyes over the table, 
which as yet is very limited, it is true, and very imperfect in 
the co-efficients of magnetic polarisation, we are struck with 
the fact that the substances follow each other in this table, 
almost in the same order as in the table of their refracting 
powers. Further researches are necessary, in order to 
establish on still more solid bases the analogy that I have 
been pointing out; and especially to determine the nature of 
the modification experienced by the action of the particles 
upon the ether under magnetic influence; a modification, 
the essence of which is to break the uniformity of its mode 
of action around the particle; to substitute for it another, 
occurring only according to a certain direction, and moreover 
in a contrary way at the two opposite extremities of this 
direction ; a mode of action that the word polarity charac- 
terises very well. 

However, not attributing the production of the rotatory 
power for magnetism to a molecular derangement produced 
by this agent, we do not deny that the arrangement of the 
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particles of a body influences its optical properties. Thus 
every arrangement that disturbs its uniformity of structure, 
such as is determined by nature in crystals, and which is 
produced artificially in glass, by compression, for example, 
gives rise to phenomena of double refraction and of polaris- 
ation, which can only be explained by admitting that this 
alteration of molecular constitution causes, as its consequence, 
the ether not to have the same elasticity in all directions 
equally. 

But if the molecular arrangement, be it natural or artificial, 
developes optical properties in certain bodies, Î do not at 
present know that it has determined in them circular polaris- 
ation, which appears to me essentially due, as M. Biot also 
remarked, to the intimate nature of the molecules rather than 
to their state of aggregation. Now, what is it that characterises 
the intimate nature of the particle if it is not, with its weight, 
its action upon the ether by which it is enveloped? It is 
this action, therefore, that the presence of the magnetic force 
would modify, by giving to it, as we have said, a particular 
direction and a polarity. Î know that we might suppose that 
the particles in their natural state exercise this kind of action 
upon the ether, that is, that they are naturally polar. In 
this case certain substances would have of themselves, and 
others would acquire under the influence of magnetism, the 
property of manifesting this molecular polarity, which would 
be in all ordinary cases neutralised by the mutual action of 
the particles upon each other; a neutralisation that would 
constitute a state of equilibrium. But it would be necessary 
in this explanation to suppose a change of position of the 
particles in respect to each other; a change that does not 
appear very probable; and which, at all events, it is not easy 
to admit, until it shall have been demonstrated directly. 

To sum up: in the ideas at present received on the con- 
stitution of matter, we think that the phenomena discovered 
by Faraday ought to be attributed to an action of magnets 
and electric currents, exercised neither on the particles alone, 
nor on the ether alone, but on the manner of the existence of 
the particles in respect to the ether. 
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Action of Magnetism upon Polarised calorific Rays. 


Radiating heat is polarised the same as light, as several 
philosophers have succeeded in showing. It is electricity 
that furnishes, in the thermo—lectric pile, as we shall sce 
further on, the fittest instruments for proving this property. 

M. Wartmann, a short time after Faraday’s discovery, 
announced that a piece of rock salt, placed in the route of 
polarised rays of heat, determines the rotation of the plane of 
polarisation, if a powerful electro-magnet is made to act upon 
it. Rock salt, in the experiment, plays for radiant heat the 
same part that glass plays for light; namely, it transmits 
it without its experiencing a sensible diminution in intensity ; 
and like glass, when under the action of magnetism, rock 
salt, in like manner, makes the plane of polarisation of the 
rays that are traversing it deviate. MM. de la Prevostaye 
and Desains have confirmed the result that M. Wartmann 
had at first obtained, by employing slightly different means, 
and, in particular, by making use of solar heat. They even 
succeeded in measuring the deviation of the plane of polaris- 
ation, —a determination that is very difficult, and which 
requires the employment of very delicate processes and appa- 
ratus. We shall return to this subject when we shall have 
made known these processes and apparatus. 


NOTES 


RELATIVE TO 


MATHEMATICAL DEVELOPMENTS 


or 


CERTAIN PARTICULAR POINTS. 


NOTE A. (p. 12.) 


In the experiment that serves to establish the law of the inverse 
of the square of the distance, for electric attractions and repul- 
sions, we take, as a measure of the distance by which the two 
electrised balls are separated, the arc that separates them, and not 
the chord, which is the true distance. Furthermore, we take no 
account of the fact, that the attractive or repulsive force acts 
obliquely upon the needle; and that, consequently, it does not 
contribute in its full amount towards making it turn. Although 
the obliquity is very small, on account of the small extent of the 
arcs, — a circumstance that also renders the error very small that is 
committed in taking the arc for the chord, —it is, however, very 
necessary, considering the importance of the law which this ex- 
periment tends to establish, to show that it is indeed a rigorous 
consequence, and not only approximative. With this view, let r 
represent the intensity of the total force, when the distance be- 
tween the two electrised balls is unity ; this force at the distance 


» will become Si if we set out on the supposition that the law 


we are desirous of demonstrating exists. 
Let a b (Fig. 1.) be the chord of the arc that separates the two 
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balls, and cb, the radius of this arc. 

By decomposing the force that acts 
TU in the direction a b into two, the 
one directed according to c 8, which 
is destroyed by the resistance of the 
axis of rotation, the other along the 
line b 4 perpendicular to c &, and 
consequently tangent to the arc; 
this latter alone will contribute to 
the movement. But it will be equal 
to the force directed according to 





Fig. 1. 


a b, namely, to 5 multiplied by the 


co-sine of the angle a b t, which is the complement of a b c. 
But the triangle a b c being isosceles, the angle a 8 c = 90° — 4 
a cb; hence co-sine a b t = sin. a b ce = cos. k a c b = cos. 4 a, 
letting a represent the angle a c &. Thus the force will be ex- 


pressed by > cos. £a; on the other hand, the distance D or the 


chord a b = 2 r sin. 4 a, which is found immediately, by drawing 
the perpendicular c p, and calling r the radius, that the movable 
ball describes, namely, c b; we have, in fact, a p = r sin. À a and 
pb=rsin.ta; therefore a p +pbor a b=2 r sin. & a Thus 

F cos. + a 
4rsin?èa 
A representing the angle of torsion that produces equilibrium to 
the force, and which is consequently proportional to it, and n the 
co-efficient dependent on the torsion balance that indicates this 
relation. We draw from this equation 
gra = a sin. à a x D da = A sin. À a tang. à a. 

This last expression must be constant, if the hypothesis from 
which we set out — namely, the law of the inverse of the square — is 


we easily find as an expression of the force = ñ À; 


F 
ni 

—namely, the electric charge of the two balls— does not change; 

since x and 7 are themselves constants, that depend only upon the 

apparatus employed. Now, the following Table of Experiments, 

very carefully made by M. Biot, shows that this is really the 

case : — 


correct. For Ann is a constant quantity, so long as the force F, 
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| a A A sin. }atang.3a 
1st Experiment 36° 36° 3°614 
| 2d » 18° 144° 3-568 
| 3d " 8}° 57510 3-169 
In like manner supposing 9 567 38-557 


The variation in the result of the third experiment corresponds 
to an error of about half a degree in the observation of the arc ; 
although this error may be tolerated, it is probable, however, that 
it is due to an effect of induction, arising from the great proximity 
of the two balls, and which thus disturbs the result. 

The calculation that we have been giving is equally applicable 
to the case in which the force F is either repulsive or attractive ; 
however, in the latter case, we must pay regard to an important 
cireumstance that occurs when attraction is in question, as will be 
easily understood from what follows. 

Let c or ab (Fig. 2.) be the angle at which the zero of torsion has 
been displaced, which in this case cannot 
rest where it first was, as in the case of 
repulsion, namely, at the point where the 
two balls are in contact ; let & b” or a be 
the smaller arc than c, which separates the 
two balls when being charged with con- 

b trary electricities, equilibrium is esta- 
ÿ blished between their mutual attraction 

æ and the torsion that tends to separate 

Fig. 2. them ; it is evident that c—a expresses 

the angular quantity to which the movable ball has been dis- 
placed, viz., the angle of torsion. On the other hand, the attractive 
force, taking the arc a for the chord, which we have thought we 


could do without sensible error, is = m (c—a); m being for all arcs 


a constant co-efficient, which depends on theinstrument. Nowitis 
easy to see that this equality, which amounts to F = mca?— m a, 
is not always possible ; for Fr can be neither null nor negative. 
By putting this expression under the form of ma?(c—a), 
we may remark that it commences to increase from 0°, that is, 
from a=c, in proportion as c—a increases; but it attains its 
limit at a certain value of a. To have the greatest value of 
which it is susceptible, we must differentialise the expression in 
respect to the value a, and make the differential co-efficient equal 


to 0. We thus obtain, 2 mca—3 maî=0; whence a=°c. Thus, 
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= has its maximum value, when a=? c, and this value is 4 m ci. 
p' 3 27 


. F . . 
Consequently, every time à exceeds this value, tension can no 


longer make equilibrium with attraction, and the balls will neces- 
sarily come into contact. It is necessary, therefore, to take care 
that the distance D» or the arc a is never less than ? the arc c, to 
which the 0° of torsion has been driven from the 0° of the division 
that serves as a starting point to the measure of the arcs. Thus, 
to make the experiment is a very delicate matter, seeing that the 
slightest oscillation of the needle, which renders the arc a less 
than 2 of c, would determine the movable ball to throw itself 
upon the fixed ball, and would consequently nullify all the results. 

We shall not terminate this note without adding that M. Marié 
Davy, by new experiments made with great care, has just confirmed 
Coulomb’s law, which was rendered doubtful by Sir William Snow 
Harris’s experiments. Only he has found that, in order for it to 
be true for two spheres, it is necessary that their distance should 
exceed nine or ten times their radius, which shows that, for 
physical points, whose extent is very small, we have at all distances 
the inverse of the square; that, consequently, this law is the ele- 
mentary law of electrical repulsions and attractions, with which 
indeed all the results of M. Marié Davy are in accordance. 
The same philosopher has also found that, in order that the electric 
balance shall give good results, it is necessary to employ metal 
discs rather than balls of pith or cork, and to combine the experi- 
ments, as Coulomb did, 80 that the discs may be maintained 
at the same distance, and that the torsion alone may vary. 


NOTE B. (p. 103.) 
Note relative to Disgquised Electricities. 


Ler E be the quantity of electricity with which the disc of the 
condenser is naturally charged, that is, in communication with 
the source of electricity, when this disc is insulated and not 
subject to any induction. This quantity depends upon the extent 
of the surface of the disc, and on the electric re-action of the 
source. Let À be the total quantity of electricity, in part free, in 
part disguised, with which this same disc is charged, when under 
the induction of a similar disc brought as near to it as possible, 
but not in contact with it, and which is put in communication 
with the ground. Let 4’ be the quantity of electricity disguised 


\ 
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by this induction. We have evidently À —4’=E, since the dis- 
guised electricity does not prevent the dise from becoming 
charged with the same quantity of free electricity that it would 
have taken had it not been subject to any induction. The second 
disc bas a quantity of electricity contrary to that of À, which 
may be expressed by B : as it arises from the decomposition of 
the natural electricity of the second disc, brought about by the 
induction of the first, the quantity B is naturally less than A; 
namely, the positive electricity of the first disc, if added to the 
negative electricity of the second, would not form neutral fluid, 
but there would be an excess of positive, more or less considerable, 
according to the mutual distance of the two discs. Suppose, 
therefore, that B can neutralise only #A instead of À, "% being 
less than 1; we shall, therefore, have mA+B—0. Now, in its 
turn, B of the second disguises the quantity 4’ of the electricity 
of the first; we shall, therefore, equally have, since the second 
effect occurs between the two same discs and the distance has not 
changed, 4’+mB—0. By replacing B, in this second equation, 
by its value drawn from the first, we shall have A’—m?14; and 
1 
mer) 
the relation between the total quantity of electricity with which 
the first disc is charged, when under the influence of the second, 
and the quantity with which it is charged naturally, when out of 
this influence. This quantity expresses, therefore, the effect of 
this induction, or the condensing power. 

The value of # depends on the degree of approximation of the 
two discs. If they could be in immediate contact, still remaining 
electrically insulated from each other, s0 that the two electricities 
could not neutralise each other, we should have »#=1; and then 


A—A’, namely E=A (1—*?); finally, = è expresses 


the condensing power would be o that is to say, infinite. But it 


is easy to see that this case cannot be realised ; there must always 
be an insulating stratum between the two discs; and, however 
thin it is, its thickness is never nothing ; but the less the thick- 
ness is, the greater is the condensing power. Îf, for example, it 


is such that m= we have 
1 1 … 1 __ 10000 _ 
Im 1 (89) 10000-98017 199 
100 10000 
M M 2 


50, 


532 NOTES. 


by substituting 200 for 199, which may be done without sen- 
sible error. ‘The condensing power would therefore be equal to 
60; that is to say, the disc in communication with the source 
would become, by the mere fact of the induction exercised upon 
it by the second disc, capable of becoming charged with fifty 
times more electricity than it could have acquired had it been in 
communication with the same source, without being under the 
influence of the second disc. 

In order to determine m experimentally with a given con- 
denser, we charge it with electricity; we then separate the two 
discs, taking care that they do not lose their electric charge We 
touch the first with the proof plane of the torsion balance, and on 
carrying the plane to the balance, we obtain an angle of torsion 
a, which is proportional, as we know, to the total charge of the 
disc, namely to A We have, therefore, a=n1, n being a fraction 
smaller than unity. We do the same with the second disc, 
charged with the contrary electricity, 8; we have, therefore, an 
angle b=n8, provided we take the precaution to touch this disc 
in a point placed in a similar manner to the point that had been 
touched of the first disc. It is essential to remark that the two 
discs are in all respects perfectly similar, of the same size, the 
same form, &c. We have, therefore, a=n1 and b=n8; therefore, 

b_8 
a == . 

When we are considering a Leyden jar, whose insulating 
stratum is very thick, since it is a plate of glass, the quantity »# 
is far removed from unity, and 8 is much smaller than À. Also, 
when we unite the two coatings of the jar, in order to produce 
the discharge, or the neutralisation of the two electricities, there 
remains, after this discharge has taken place, a considerable 
quantity of electricity in the coating that had been in communi- 
cation with the source. We may easily calculate this quantity by 


and B=MmA— After the dis- 


F ME 
1—m? 1—m* 
charge, there remains therefore on the coating that had been 
charged with the quantity a a quantity A—B, or 
E rU =" —MmM)_ E 
1—mi 1- = Fm im 





remembering that A=— 
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NOTE C. (p. 179.) 
Note relative to the measure of Magnetic Forces. 


WE have said that there are two modes of measuring magnetic 
forces; the first, based upon the employment of the torsion balance; 
the second, upon the principle of oscillations. In either method we 
must take into account the action of the terrestrial globe, which 
contributes, independently of the force whose intensity we are 
measuring, to the total effect given by direct observation. This 
action of the terrestrial globe, in fact, is exercised upon the mag- 
netised needle according to laws susceptible of being subjected to 
rigorous calculation, of which the present note is intended to give 
u summary description, and the results of which will not only 
serve for the demonstration of the principles that we have already 
implicitly admitted, but will be indispensable to us in the sequel in 
the study that we shall be called upon to make of terrestrial mag- 
netism. We shall divide this note into three parts :—Ilst. ‘The 
general expression of the effect of terrestrial magnetism upon «a 
needle in equilibrium; 2d. Law of the movement of the needle 
when it is deranged from its position of equilibrium, but enabled 
to turn around its centre of gravity, still remaining in the plane 
of the magnetic meridian ; 3rd. Law of this movement, when the 
needle goes out of the plane of the magnetic meridian. 


$ 1. General expression of the effect of terrestrial magnetism 
upon the needle in equilibrium in the magnetic meridian. 


We will suppose ( Fig. 3.) a magnetised needle, ab, of any 
form, suspended by its centre of 
gravity. Let p be the quantity 
of free magnetism in one of its 
points, for example in M; this 
point will be attracted by forces 
arising from the north pole of the 
earth, and will be repelled by 
those arising from the south pole ; 
the former will act in the direction 
MA, and the latter in the direc- 
tion MB. These two forces will themselves have a resultant, MR, 
situated in the plane formed by their directions ; we will call this 





Fig. 5. 
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resultant g”, in order not to confound it with g, which expresses 
the force of gravity; the total effect on the point M will therefore 
be expressed by the product wg”. Each of the other points of 
the needle will therefore be solicited by a same force g’, since the 
resultant of the magnetic forces of the globe cannot vary in the 
small extent that is occupied by the length of the needle ; u only, 
namely the quantity of free magnetism, varies from one point to 
the other. The general expression, therefore, of the effect upon 
each point will be g’udm, dm representing the element of mass 
for which y does not vary. 

We may remark that all the resultants of the magnetic force of 
the globe, represented by g', are parallel; consequently, all the 
forces gu dm are parallel to each other, and their general resultant 
is equal to their sum. Expressing this sum by 8, we shall have 
the general resultant equal to sg’udm. But sudm, in this 
expression, represents the sum of the free magnetisms in each of 
the points of the needle. Now, as there are as many south mag- 
netisms as there are north magnetisms, and as a certain quantity of 
south magnetism neutralises an equal quantity of north magnet- 
ism, the sum sudm must be equal to O0; and, consequently, the 
general resultant g’sudm must be null. This result indicates that, 
when a needle has taken such a direction as the sum of the forces 
of terrestrial magnetism tends to impress upon it, these forces can- 
not impress upon it any motion of translation in space. Experi- 
ment confirms this: for a steel needle does not increase in weight 
by the effect of magnetisation; and, if it is arranged as indicated 
in Fig. 76. p. 184., it directs itself just as if it had been suspended 
immediately by its centre, without having been carried either 
forwards or backwards. 


$ 2. Laws of the movement of the needle, when compelled to 
move around its centre of gravity in the plane of the 
magnetic meridian. 


The needle whose movement will next engage our attention is 
what has been called the dipping-needle (Fig. 74. p. 161.) We 
represent it by a simple right line, although in reality it is com- 
posed of several parallel right lines ; but it is easy to see that the 
real case may be reduced to the hypothetical elementary case. 
Let ab (Fig. 4.) be this needle ; let MR be the resultant g of the 
forces of terrestrial magnetism, necessarily comprised in the plane 
of the magnetic meridian, and whose direction forms with the 
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vertical an angle & constant for the place of observation, and for 
a given time. Supposing the needle suspended by its centre of 
gravity, the resultant g” tends to de- 
stroy its horizontality, and to give it 
an inclination, which, in our hemi- 
sphere gives the branch that is di- 
rected towards the north, namely 
that wherein we suppose the point x 
to be situated, a tendency to incline 
toward the earth. In Fig. 4. the 
3 needle ab is no longer represented 

as horizontal ; and, in order to ascer- 
tain the direction that it will assume, we decompose the resultant 
g’ or MR into two components; one, MP, drawn perpendicularly 
to the direction of the necdle, the other drawn in the same direc- 
tion as the length of the needle. The first is evidently the only 
one that contributes to cause the needle to turn, and it is equal to 
g cos. PMR; and by letting z represent the variable angle formed 
by the needle with the vertical, we have PMZ'=90°—z; and 
PMR=90°—z+:; or cos. PMR, or Cos. (90°—2 +2) = sin. (2—i): 
so that the perpendicular component will become equal to 
g' sin. (z—1); and the action exercised upon the point M is 
Hg sin. (z—i), supposing that at this point there is y of free magne- 
tism. In order to obtain the real effect of its force, or its movement 
around the centre of suspension C, we must multiply its expression 
by the distance r from M to c, which gives prg’sin. (z2—1) Now, 
z—i is the angle formed by the direction of the resultant with 
that of the needle, which shows that the force which causes the 
point M to turn is analogous to that which draws back each of the 
points of a pendulum to the vertical: which, when this pendulum 
is drawn out from the vertical to an angle a, is equal to gsin. a, g 
being the force of gravity; and its momentum is gr sin. a, r 
being the distance of the extremity of the pendulum from its 
centre of suspension. 

In order to obtain the effect, not only upon the point M, but on 
the whole extent of the needle, it is necessary to consider each of 
its halves separately, or each of the two arms of the lever ca and 
cb. The sum of the moments for each will be surg sin. (z—i); 
but g’sin. (z—+) is a quantity that does not change in passing 
from one point to another, or may therefore be regarded as con- 
stant ; and the expression become g’sin. (z—i)surdm. 

M M 4 
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surdm must be obtained separately for each of the halves of 
the needle : for the magnetisms in the two halves are contrary 
and equal, and if one tends to make the needle descend, the other 
tends to make it ascend ; 80 that the effects are added together in 
order to make it turn. Let us call the two sums s” and 8”; we 
obtain, for the total momentum, by which the needle is actuated, 
g (s’+s”) sin. (z—+); an expression that becomes null when 2=i; 
pamely, when the direction of the needle coincides with the re- 
sultant of the magnetic forces of the earth. Thus, 80 long as the 
needle is out of this position, it is solicited to return to it, and it 
does return to it by oscillating from one side to the other, about the 
direction of its fixed inclination, until its momentum is destroyed 
by the resistance of the air and the inertia of suspension. These 
oscillations of the needle are perfectly analogous, and are subjected 
to the same laws as are those executed by a pendulum when 
drawn from the vertical, in order to return to it by virtue of its 
gravity. In fact, the terrestrial magnetic forces that solicit the 
divers points of a needle, have directions parallel to each other 
like the forces of gravity ; and like as those forces have a resultant 
that is applied to a point which is the centre of gravity of the 
body, there exists for each part of the needle in which a similar 
kind of magnetism resides, a magnetic centre, to which we may 
suppose all the magnetic force of the earth applied. It is true, 
that here the magnetic forces are not all equal to each other, 
since u, which enters as a factor into the expression ug'dm, 
varies from one point of the needle to another, but this circum- 
stance makes no change in the analogy that we have established ; 
for the existence of centres of gravity does not depend upon the 
equality, but upon the parellelism of the forces of gravity. We 
may therefore calculate the position of the point of application of 
the resultant of the magnetic forces, as we calculate the place of 
the centre of gravity in a heavy body. The distance of these 
points from the centre of suspension of the needle will be, for 
cach of the halves of the needle, equal to the sum of the mo- 
mentums divided by the sum of the forces; that is to say, by 


———, sudm is not null here, since it is relative to only each 


of the halves of the needle. 

It follows from what has been said that, like as intensities of 
gravity are measured from the duration of very small oscillations 
made by a pendulum around the vertical, those of the magnetic 
‘orces of the terrestrial globe may be measured by the duration of 
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oscillations made around its normal direction by a dipping-needle 
placed in the magnetic meridian ; and if, for the same needle, this 
duration varies from one place to another, we may conclude that 
the intensities of terrestrial magnetism vary proportionately to 
the square of the number of oscillations made by the needle in a 
given time, or inversely to the square of the time of oscillations. 
x°sridm 


In fact, in the formula of the compound pendulum T? = 


we must put in place of g the quantity g’ (s’+8”), which expresses 
the sum of the magnetic forces of the globe acting upon the whole 
xsridm 


length of the needle ; and we obtain T?= 7er) For another 
2 
place of the earth, we should obtain De ee) for the same 


needle, 8’ and 8” not changing ; for they represent, for each of the 
branches of the needle, the sum surdm, which is constant for the 
same needle whose magnetism is invariable. 


. ._ T° 
From the above two equations we derive n=£ ; or, by letting 


N and x’ represent the number of oscillations made in a given time, 
N? 
N°? 

It would now be easy, by making a needle oscillate under the 
influence of a force that is not terrestrial magnetism, and then 
under the influence of terrestrial magnetism alone, to take account 
of this latter influence, and consequently to obtain the value of 
that of the given force. But the employment of the dipping 
needle presents many inconveniences, the principal of which are, 
the difficulty of placing the needle accurately in the magnetic me- 
ridian ; and especially the impossibility of obtaining a mode of 
suspension suffciently delicate for the apparatus to be very sen- 
sible. In fact, the needle is compelled to move around a horizon- 
tal axis, passing through its centre of gravity, the two extremities 
of which rest on two knife edges ; a system that presents con- 
siderable friction, whatever precautions may be taken. There 
is an advantage, therefore, in estimating the value of magnetic 
forces, to employ, as much as possible, the horizontal declination 
needle, whose mode of suspension may be as delicate as possible, 
rather than the dipping-needle ; and although, in most cases, the 
result of observation gives less directly the measure of the effect 
that we desire to estimate, as we shall see, yet we may equally 
obtain it by a slight transformation in the formula. 
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$ 3. Laws of the movement of the needle when it is set in motion out 
of the magnetic meridian. 


Let ab (Fig. 5.) be the needle, and MR the resultant of the 
magnetic forces, at the point M; as this resultant is parallel to the 





NR 
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plane of the magnetic meridian, and as ab is no longer in this 
plane, me is not in the same vertical plane as aë. We decompose 
the force mr or g’ into two; the one MZ’ or Z vertical; the other, 
Max” or H horizontal and parallel to the plane of the magnetic 
meridian. The first will be equal to g” cos. t; and the second, to 
g' sin. i, à still representing the angle RMZ’ formed by the resultant 
MR with the vertical. Let us now decompose the force H, which, 
equally with RM, is out of the vertical plane that contains the 
needle ab, into two others, one H”’P or y perpendicular to this 
plane, the other MP or x directed horizontally in this plane ; by 
letting a represent the angle formed by the vertical plane in which 
tbe needle is situated with the plane of the meridian, we shall have 
Y=#xH sin. a and x=H Cos. a; in which, by substituting for n its 
value, we shall have x=9" sin. à cos. a, and x*=g sin. à sin. a ; and 
we have already Zz=gcos. & This is the system of the three forces 
acting upon the needle. 

Let us examine successively what occurs in the case in which 
the magnetised needle is a dipping-needle, whose suspension is 
such that it does not allow it to go out of its azimuth, and in the 
case in which this needle is a declination needle, free to place 
itself in any azimuth, but always maintained in a horizontal di- 
rection, by a counterpoise fixed upon its south branch. 

a. The Dipping-needle.— In the dipping-needle, suspended so 
as not to be able to move out of its azimuth, the force x that 
acts perpendicularly to this azimuth, in order to bring it back to 
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the plane of the magnetic meridian, when it is moved out of it, 
is destroyed by the resistance of the axis. There remain, there- 
fore, only the other two forces, which have a resultant R, 80 that 
Ri=x?+72 since the two components are perpendicular to each 


other; but S=tang. #, & being the angle which their resultant 


(which naturally is not the same as that of the three forces x, z, and 
x, namely, MR) forms with the vertical ; now, substituting their value 
for x and z, we obtain, R?=—g"? sin.? : cos.? a+ 9? cos? 1; which gives 
r=g cos? i+sin?i cos?a, or R=—g'co8.i 4/1-+tang-?i cos.? a, 
and tang. f=i=g tang. t cos. a. 


It follows from these formulæ, that the intensity of the force 
which solicits each of the points of the dipping-needle, when 
moved out of the plane of the magnetic meridian, diminishes in 
proportion as it is removed from this meridian ; for it diminishes 
in proportion as the angle a increases, which is formed with the 
meridian by the azimuth, in which it is placed. Indeed, the 
greater a is, the smaller does the cos. a become. The greatest 
value of the force occurs when a=0, and, consequently, when 
cos. a=]1 ; which gives R—9g cos. à 1 + tangi=g"4/cos.?i + sin.?à 
namely, R=g/, which should be the case, since, when a=0, the 
ncedle is in the plane of the meridian. The smallest value occurs 
when a=—90° ; then, cos.a=0, and R=g cos.i; this occurs when 
the azimuth of the dipping-needle is perpendicular to the plane of 
the magnetic meridian. 

It is not only the value, but also the direction of the force R, 
that varies with the value of the angle a ; in other words, the 
dipping-needle changes its direction when its azimuth is changed. 
First, in the plane of the magnetic meridian, in which a is null, 
and cos. a=1,we have tang.i’=tans.i; whence &’=i; which should 
be the case, since the resultant of x and of Zz is the same as that 
of x, z, and y, namely, the resultant RM of the magnetic forces of 
the globe. We may remark, also, that it is in the plane of the 
magnetic meridian, that the dipping-needle forms the greatest 
angle with the vertical, or, which comes to the same thing, in- 
clines the least below the horizontal ; for the greatest value of +’, 
corresponding to cos. a=1, is to be equal to à When the 
dipping-needle is placed in a plane perpendicular to the magnetic 
meridian, a=90°, and cos. a=0; hence, tang. i=0, namely the 
direction of the resultant makes no angle with the vertical, or, 
which comes to the same thing, coincides with it. This last 
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result furnishes a very simple means for determining the plane of 
the magnetic meridian with the dipping-needle alone, without the 
necessity of having recourse to the declination needle. In fact, 
we have only to find the azimuth, in which the needle holds itself 
exactly vertical ; then, by removing 90° from this, we have the 
plane of the meridian, and are able, consequently, to determine 
the dip, by placing the needle in this plane. 

By means of the value of tang. à, we may also determine the 
meridian dip &’in an indirect manner ; a method that is constantly 
employed, in order to verify the result of direct observation. For 
this purpose, we have merely to observe i” in any two azimutbs, 
forming between them a right angle; in fact, let us designate 
by £” and &”” the two observed angles, we shall have 

tang. t’=tang. à cos. a, 
and consequently  tang. i’”’=tang. & (90—a)=tang. à sin. a; 
whence tang.? à (cos.? a + sin.? a) = tang.? à’ +tang.? i”; 
whence tang. i= 4/ tang.T à’ +tang.i 7. 
By this process, we may multiply the observations in different 
planes, and, by taking a mean between them, may reduce the 
errors of partial observations. 

With regard to oscillations, all that we have said in reference 
to those which are produced by the resultant g” in the magne- 
tic meridian, are equally applicable to the oscillations produced 
by the resultant R of the two forces x and Z, in any plane in 
which the needle is forcibly directed. Only the force g becomes 
g cos. i4/ 1 +tang.? à cos? a, a factor, which contains only constant 
terms, 80 long as the needle remains in the same azimuth. 

b. Declination Needle.— We have said that, whenever it is 
possible, there is an advantage, especially in the method of 
oscillations, to employ the horizontal ncedle, the more delicate 
suspension of which renders the observations susceptible of much 
greater precision. When the declination needle is removed from 
the magnetic meridian, no obstacle occurs, as in the case of the 
dipping-needle, to prevent its returningtoit. Thus the component 
x, which acts perpendicularly to the vertical plane, in which the 
ncedle is situated, in order to bring it back to the magnetic 
meridian, is not destroyed. But, as we take care, by means of a 
small counterpoise, to render the needle horizontal, the effect of 
the vertical force z, which gave it a tendency to turn in the 
vertical plane, becomes null. With regard to the horizontal 
‘ecs x, which are always situated in the direction of the length 
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of the needle, they have no influence to cause it to change its 
* azimuth ; and the directive force, therefore, is only expressed by 
T7. In order to obtain its total effect upon the needle, we must 
multiply by y, the quantity of free magnetism at the point upon 
which it acts, by dm, the element of the mass, and by z, the 
length of the arm of the lever, at the end of which it acts per- 
pendicularly; which gives as the momentum g’sin.isin.aurdm, 
by putting in place of yits value found above: but this expression 
is only relative to the momentum of a single point, making, there- 
fore, the sum of all these momentums for all the points of the 
needle, we have g” sin. à sin. asurdm; and by taking the sum 
separately for each of the halves, we obtain as an expression, of 
the total momentum that is acting upon the needle, g’ (s°+8”) 
sin. 4 Sin. a. 

In this expression there is only sin. à that varies when the 
azimuth in which the needle is placed is changed. Thus we 
shall arrive at the law that we have already found by experiment, 
namely, that the force which tends to bring back the needle into 
the magnetic meridian, when it is withdrawn from it, is propor 
tional to the sine of the angle that the new vertical plune in which 
it is situated makes with the plane of the magnetic meridian. 

It only remains for us to examine what is concerned in the 
method of oscillations applied to the horizontal needle. In order 
to observe them with precision, we must suspend the needle 
horizontally to one or more cocoon threads arranged parallel, 80 
that their torsion may be insensible ; then, on withdrawing the 
needle, however little, from the meridian, we abandon it to the 
action of the horizontal forces that are acting upon it. The 
vertical force Z is here destroyed, as in the preceding case ; but 
the needle, by this mode of suspension, being no longer subject to 
turn only around its centre, the force x, which acts in the direction 
of its length, contributes to its movement as well as y, which acts 
perpendicular to the plane in which it turns. Now the resultant 
of the two horizontal forces is, as we have seen, H = g sin. à, 
We have, therefore, only to replace g° by g° sin. &, in the formula 
drawn from that of the pendulum, in order to express the number 
and the time of the oscillations for the dipping-needle, situated in 
the plane of the magnetic meridian. Now sin. à, for the same 
place and the same time, is as constant as g”, which is the same as 
saying that the inclination of the magnetised needle may be 
regarded as constant in the same place, as well as terrestrial 
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magnetism, at least within the certain limits of time, that are 
more than sufficient for observations ; it follows from this, that 
the substitution of the constant g” sin. # for the constant g', does 
not in any way change the conclusions that may be deduced from 
the experiments, and that we may draw the same results from the 
observation of the number of oscillations, by employing the hori- 
zontal instead of the dipping-needle, since the relations only are 
concerned, in which the absolute and constant intensity of the 
force arising from terrestrial magnetism disappears. See in this 
respect (pp. 182. and 187.) the application that we have made of 
the method of oscillations of the horizontal needle for the deter- 
mination of the laws of distance, and the distribution of magnetic 
forces in a magnetised bar. 


NOTE D. (p. 186.) 


Demonstration of the Law of the Inverse of the Square of the 
Distance, by Calculation of Magnetic Curves.* 


SETTING out from the form of magnetic curves observed by 
Dr. Roget, we are about to show that the action of each of the 
poles of a magnetised bar upon those which are determined by 
induction in a particle of iron filings, varies in inverse ratio with 
the square of their distance. 

Let À and B represent the two poles of a magnet, of a contrary 
or of the same name, between which the magnetic curve is formed ; 
and let us first scek the equation of the latter of these, in respect 
to two rectangular axes drawn in its plane. Let x represent any 
one of its points, whose co-ordinates will be x, y; let the line AB 
represent the axis of x, its origin being in the middle o, the 
positive x being calculated on the side 04, and the positive y on 
the side of the curve. 

Let À represent the length o0A=08, r, r”’ the distances AM, Bx;, 
and à, &” the angles MAB, MBA ; finally, let fall from M upon 48 the 
perpendicular mr. We have, evidently, AP=AM cos. MAB=—7 
cos. i; on the other hand, AP=AO—OP=h4—zx, consequently 
cos. Er in like manner, we shall find cos. ÿ — Àte, Ac- 
cording to Mr. Barlow’s first law we have, in the whole extent of 
the curve, cos. à + cos. #’—=const., taking the upper or the lower 


* This note was furnished to me by M. Ch. Cellerier; and is now pub- 
lished for the first time. 
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line, according as the poles À and B are of a contrary or of the 
same name. By substituting the above values for cos. i, cos. 1”, 
we shall find the equation of the curve, 
h—z + h+z_ const. 
r —r 
Here r and r” are put in place of their values, 


A/R Gap gs TE G+e + y 


Now, let A”’B” be the poles of a particle of filings situated at M; 
A” being of the same name as A. The resultant of the actions of 
A and B upon 4’, and that of their actions upon the very neigh- 
bouring point 8’, will evidently be two equal forces, but in con- 
trary directions; their common direction is that which will be 
assumed by the particle 4’B”, if it is free to move. It will there- 
fore be tangent to the curve formed by several particles, when 
adhering to each other, by poles of the contrary name; for the 
little right line 4’B” is then an element of this curve. 

Let g represent the angle comprised between the axis of x and 
the tangent to the curve at the point M. We shall clearly have, 
tang. = ; and the deduction cy will be obtained by dif- 
ferentialising the equation of the curve, making x and y vary 
together. We then, by the known rules, find 

+ r de-Ctoér _ 
by differentialising the values of rr’, we further obtain 
ar Q=adet vds g,_Ota)detudy, 


—rdxr-(h-zx)dr 0: 
r2 ? 


By substituting in the previous equation, and multiplying it by 
nr 
——, we find 


PM(ydz+(h—x)dy)+r((h+x)dy—ydz)=0; 
dy 


and the value that we deduce from da ©" tan. 9 is 


EYE Y 
RE CET) 
The tangent to the curve coincident with the direction of the 
resultant of the actions of A and B upon 4”, letting F represent this 
latter, and x, y its components according to the axes, we shall have 


. Y 
X=F CO8. g; X=F sin. g, whence tang. g==- 
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* Let r be the intensity of the repulsive action exercised between 
the poles of the same name, A and 4”; R’ that of the repulsive or 
attractive action exercised between B and 4”. The first, making 
with the axis of the positive x an angle of 180°—:, will have, ac- 
cording to the axes of x and y, components R cos. (180°—i), or 


—R Cos. à, and R sin. t; or, finally, —R ee and #, remarking 


that sin. . The components of r’, acting like the preceding 


on the side of the positive co-ordinates, will be found in like 
h+zx 

r 
hitherto done, the upper or the lower signs, according as B is of 
the contrary or of the same name with À, and according as R’ re- 
presents an attraction or a repulsion. The components of the 
total action exercised upon 4” will therefore be, 


x= REF r Âte, =R° FR; 





manner, and will be +R’ and Fr? by taking, as we have 


whence we deduce, 
Y y(Rr Fr'r) 
lang 7 = nn +z) 
By equalising this value with that which we had found, 
_ Gé 00 
tang- 9— — r(h=x)+18(h+zx)? 
whence results the relation 
(Rr'+R'r) (r3(4—x)+r(% +z))—(Rr(A-x)+R r(h+x) ) 

(r3+r8)=0. 
By developing the calculations and separating the terms that 
contain À—zx and À+2x, it becomes 

CHR rr ER r) (h—x)+(+Rr IR rr3) (h+z)=0; 

or by reducing and dividing by +24rr', 

Rr3=R'73, 

This equation, in which R and R’ represent functions of r and r 
respectively, occurs in all the points of each magnetic curve ; and 
as one may be passed through every point of space, it occurs for 
any point whatever, r and r’ designating distances to À and B. 
We may therefore make r vary arbitrarily by leaving to r” a con- 
stant value ; representing by x the independent value of r then 
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taken by r’r3, we shall have, whatever r may be, Rr?=nx; 
whence, 
H 
R = 73 
Consequently the intensity R of the mutual action of the poles 
A, À’, varies in inverse ratio with the square of their distance r. 


Note E. (p. 217.) 


Note relative to the Law of the Action of a Point of an Electric 
Current upon the Magnetised Needle. 


ExPERIENCE demonstrates that the intensity of the action, exer- 
cised by an indefinite rectilinear current upon a magnetised 
peedle, is in inverse ratio to the distance of the needle from the 
current. We have said the consequence of this experimental law 
is, that the elementary action of a simple point, or of a section of 
the current, is in inverse ratio, not to the simple distance, but to 
the square of the distance. 

Let x N be the indefinite current ; A, the centre of oscillation, 
that is to say, the middle of the magnetised needle, the point upon 
which we may suppose the action of the 
current as being concentrated ; let A B, or c, 
be the shortest distance from the needle to 
the current; finally, let À c be the distance 
from any point of the current to the needle. 
The action of the point c, by supposing the 
law of the inverse of the square, will be 
expressed by 12 k being a constant, de- 
pending on the mutual force of the current 
and the needle ; and ds the rectilinear element 
of the current whose action is being investi- 
gated. But aAc?=cB?+B4A2=5s1+0c1, s 

Fig. 5. being the distance CB from any point c to the 

fixed point B; the quantity s is a variable, 

because the form of the expression which gives the value of the 
action is the same, whatever be the point of the current that is 





taken. We have, therefore, only to integrate this expression +. La 


between à and — û to obtain the value of the total action of the 
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indefinite current MN ; since we suppose that it extends indefinitely, 
setting out from 8 in both directions. 


ds , h s : 
Now we have nf 18 - arc. tang.=" + constant ; taking 


the definite integral between the limits 5 and —=, we find that the 


e À e e e 
expression becomes — a quantity in which À and x are con- 


stant, and in which c only, namely the distance from the needle to 
the current, may vary. The action of an indefinite rectilinear 
current upon a magnetised needle is found, therefore, to be, as we 
have said, the inverse of the simple distance from this current to 
the needle, when we suppose that the action of a simple element 
of the current is in inverse ratio to the square of this distance. 
Calculation likewise demonstrates that if the current is angular 
instead of rectilinear, and we admit that the action exercised by 
an element of this current upon a magnetised particle varies, not 
only in inverse ratio with the square of the distance, but also 
proportionately to the sine of the angle made with the direction of 
the current by the line joining the centres of the element and of 
the particle, we arrive at the result that the total action of the 
current is not only, as we have just seen, the inverse of the simple 
distance, but also proportional to the tangent of half the angle 
formed by the current that has become indefinite. This second 
result of calculation has been verified, like the former, by an 
experiment of M. Biots We shall not give here this latter 
calculation, in which the same course is pursued as for the former. 


Note F. (p. 246.) 


Note relative to the Calculation of the mutual Action of two 
Electric Currents. 


T&E very great development that I have given to this note is due 
to my desire to make known, in a tolerably complete manner, by 
endeavouring to place within the reach of the generality of readers 
the admirable mathematical theory upon which Ampère has based 
the explanation of all electro-dynamic phenomena; a theory s0 
perfect that, by its means, the celebrated philosopher to whom it 
is due was able s0 to predict, even in their minutest details, all 
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the different phenomena to which it relates, that subsequent 
experiment has never been able to gainsay it. 

From the very origin of electro-dynamic phenomens three 
hypotheses were set forth in explanation of them. 

The first consisted in admitting that the electric current confers 
upon the conductors which it is traversing a transverse magnetic 
polarity, so that tke effect of the current may be assimilated to 
that of a multitude of small very short magnets, perpendicular to 
its direction and, consequently, parallel with each other. This 
hypothesis explains the first effects that were observed, and 
especially the law discovered by MM. Biot and Savart, relative 
to the mutual action of an element of the current and a magnetic 
molecule ; a law which we have seen, in NoTE E., to be derived 
from experiments made with a current of very great length, and 
a very short magnet brought to various distances. The mutual 
action of magnetic elements would, under this hypothesis, have 
been an elementary action. 

The second hypothesis, proposed by M. Ampère, consists in 
regarding as elementary the mutual action of two currents, and in 
explaining the mutual action of currents and magnets, and of 
magnets upon each other, by considering a magnet as an assemblage 
of electric currents, circulating around its particles, and acting 
either upon the electric currents of another magnet, or upon those 
of a conducting wire, precisely as experiment has proved that the 
currents of conducting wires act upon each other. 

Finally, the third hypothesis consists in supposing that there 
exists between an element of a conducting wire, traversed by a 
current, and a magnetic molecule, a primitive elementary action, 
tending at the same time to make the molecule move round the 
element and the element round the molecule. This last hypothesis 
differs from the two former in that, instead of admitting between 
the material points that are acting on each other, merely direct 
forces following the right lines by which they are joined, it 
supposes, between the element of the current and the magnetic 
molecule, an action represented by two equal and opposite forces, 
but both perpendicular to the plane that passes through the 
element and the magnetic molecule, applied one to the middle of 
the element, the other to the molecule, and thus forming what 
M. Poinsot has called a pair; 80 that, even though the element 
and the molecule should be connected invariably together, the 
solid assemblage they would form would acquire, by their mere 
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mutual action, a rotatory motion. Experiment has not verified 
this conclusion, which was decisive ; for it was irreconcilable with 
the two former hypotheses. This might have been expected, for 
to regard a revolving action as a primitive action would appear 
contrary to the first principles of dynamics, according to which 
the mutual action of different parts of a solid system can never 
irapress upon it any motion. We should, however, remark that 
Œrsted’s first experiment, joined to the phenomenon of continuous 
rotation discovered by Faraday, would seem indeed to indicate 
as a primitive action a revolving action, in which the attraction 
and repulsion, that might then alone be apparent, were merely a 
transformation occasioned by the mode of arranging the apparatus. 
This idea was at first put forth by the two philosophers that I 
have just mentioned, but was subsequently abandoned in con- 
sequence of Ampère’s more recent researches. 

We must not be astonished at the diversity of views that existed 
among philosophers in the early days of electro-dynamics, as to 
the nature of the new force with which the successive researches 
of Œrsted, Arago, Ampère, and Faraday had enriched physical 
science. In fact, the mutual action of currents discovered by 
Ampère was the first example, with which nature had presented 
us, of forces, whose action is exercised in a line perpendicular to, 
and not in the same line with their direction ; and for which, 
consequently, the intensity of the action was not simply a function 
of the mutual distance of the acting particles, but depended also 
on that variable element which we have called the direction of the 
current. 

And thus many philosophers were originally favourable to the 
first hypothesis, in which the currents were no longer the primitive 
force, but were the cause that, by bringing about a transverse 
magnetism in conductors, developed the force, whose direction 
was thus found to be the same as that of the action to which they 
gave rise. However, the hypothesis of this transverse polarity 
could not long sustain the test of examination; it became very 
complicated as soon as it was investigated more closely in expla- 
nation of the mutual action of electric currents:; and it was 
irreconcilable with the phenomenon of continuous rotation. They 
were compelled, therefore, to have recourse to the second — 
M. Ampères— which is now generally adopted, and which new 
discoveries appear still more to confirm. 

M. Ampère was not slow in applying his deep mathematical 
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knowledge to the calculation of the forces, whose curious effects he 
had discovered by actual experiment. He commenced by ex- 
pressing, by means of a formula, the value of the attractive or 
repulsive force of two elements or infinitely small portions of the 
currents, in order that he might be enabled to deduce from this, by 
the known methods of integration, the action that occurs between 
two portions of conductors, their form and situation being given. 
As it is impossible to submit infinitely small portions of a current 
to direct experiment, we must needs set out from observations 
made upon currents of finite size, and satisfying two conditions, 
namely, — that the observations be susceptible of great precision, — 
and that they be moreover proper for determining the value of the 
mutual action of two infinitely small portions of these currents. 
We may obtain this result by two methods ; one consists in mea- 
suring, with the greatest accuracy, the values of the mutual 
action of two portions of the current of finite dimensions, by 
placing them successively, in respect to each other, at different 
distances, and in different positions; for it is evident that the 
action does not depend simply on the distance; then, by making 
an hypothesis on the value of the mutual action of two infinitely 
small portions, we deduce from it the value of the action that 
should occur to the conductors of finite dimensions, upon which 
we are operating, and we modify the hypothesis until the results 
of calculation accord with those of observation. Thus we pro- 
ceeded in Note E., in order to determine the law by which the 
mutual action of an element of the current and a magnetic molecule 
is governed. But this method, good though it was in that case, 
is not applicable to that in which the mutual action of two currents 
is concerned, in consequence of the difficulties of execution and of 
calculation which it presents. 

The second method, which is that employed by M. Ampère, 
consists in establishing various cases of equilibrium in the mutual 
action of currents upon each other. These different cases of equi- 
librium immediately give so many laws, which lead directly to the 
mathematical expression of the force exercised by two elements of 
electric currents upon each other; first, by making known the 
form of this expression, and then, by determining the constant 
bat at first unknown numbers contained in it ; precisely as Kepler’s 
laws demonstrate first, that the force by which the planets are 
retained in their orbits, tends constantly to the centre of the sun ; 
as well as that it changes for each planet in inverse ratio to the 
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square of its distance from this centre, 80 that the constant co- 
efficient which represents the intensity, has the same value for all 
the planets. 

We have seen that these cases of equilibrium are four in num- 
ber (pp. 241, 242, 243, 244, and 245.). The first two were esta- 
blished by M. Ampère, from the period of his first researches, 
namely, in 1820 ; it was these which enabled him to frame the 
mathematical expression : he was more recently led to establish, 
successively, the other two cases, in order that he might be enabled 
to determine the constant co-efficients that entered into his for- 
mula, without having recourse, as he had already done, to experi- 
ments, in which, instead of two currents, a magnet and a current 
were acting upon each other. He was for a long time contented 
with the third case, which gave him a relation between the two 
constants that entered into his formula, and he established their 
absolute value by analogy with what occurs in nature. M. Savary, 
being desirous of getting free of this hypothesis, arrived in 1823 
at the same value for these two constants, by means of an ob- 
servation made upon magnets, combined with the third case 
of equilibrium ; then it was that M. Ampère, wishing that his 
theory should rest upon more solid bases, sought and succeeded in 
determining directly this value of the two constants, by adding the 
fourth case of equilibrium to the third, which he had already 
found. 

Let à: and #” be the relations of the intensities of two given 
currents, to the intensity of the current taken as unity; ds and 
ds’ the lengths of the elements in each of them that are under 
consideration; ids and # ds’ will express the respective intensities 
of their elements, and ids x à ds’, or iè’ ds ds’, their mutual action 
when they are perpendicular to the line that joins their centres, 
and consequently parallel to each other, and situated at a unity of 
distance from each other; care must be taken to employ this 
product with the sign + when the two currents, by moving in the 
same direction, attract each other, and with the sign — in the 
contrary Case. 

Now, on considering two elements of currents, placed in any 
manner, and consequently not in the same plane, their mutual 
action will evidently depend on their lengths, on the intensities of 
the currents of which they form a part, and on their respective 
position. This position is determined by means of the length r of 
the right line that joins their centres, —of the angles 0 and 6’ made 
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with this line produced by the direction of the two elements, 
taken in the direction of their respective currents, — and finally of 
the angle w, formed by planes drawn through each of these di- 
rections, and through the right line that joins the centres of the 
elements. By analogy with what passes in nature in all the phe- 
nomena of attraction and repulsion, we may admit that the force, 
for which we are seeking an expression, acts also in inverse ratio 
to a certain power of the distance, which we will call the nth, # 
being a constant that is to be determined. Then, representing by 
p the unknown function of the angles 6, ” and w, in the value of 
the action, we obtain pis’ ds ds’ for the general expression of the 
action of two elements ds and ds” of two currents, having for in- 
tensities 1 and #. 
We must now determine the function p. For this purpose, we first 
consider two elements ad and a’d” (Fig. 6.) 
aRd-———;ÿ2zj 28 parallel and situated at a distance r from 


| à ] each other ; their action is expressed by 
N j ti dsds h S . 
\ / “à 88 wehave seen. Supposing ad 
ad" to remain fixed, let ad’ be transported 
Lu parallel to itself, so that its centre is always 
a 


at the same distance from that of ad; as 
the angle w is null, since the directions of 
the two currents are in the same plane, the 
value of the mutual action of their two elements is a particular func- 
tion of the angles 8 and 6”, which we will designate by #, and must 


be expressed by the formula tsar 9 (0). Calling À the constant 


Fig. 6. 


quantity to which $ (8, 6°) is reduced, when a’d’ is at a’”d’”, in 
the extension of ad, and moving in the same direction, we see that 
À expresses the relation existing between the action of ad upon 
kidsds 


7) and that of ad upon a°d’ 


ad”, which is, therefore, 


it ds ds’ 


which is a this relation is independent of the distance r, 





of the intensities à and ?”, and of the lengths ds and ds’ of the 

elements under consideration. The two particular cases in question 

are relative; the one, that of the action of ad upon a’d”, to the 

action of two parallel currents that attract or repel each other, 

according as they are in the same or in contrary directions ; and 

that of the action of ad upon a””’d’”, to the repulsion of two 
N N 4 
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currents, moving in the same direction along the same right line ; 
or, which comes to the same thing, the two consecutive parts of 
the same rectilinear current. 

1n order to discover the general form of the function p, let us 
now make use of our first two cases of equilibrium, and particu- 
larly of the second, which shows us that the attraction of an inf- 
nitely small rectilinear element is the same as that of any other 
sinuous element, terminated at the two extremities of the former, 
which enables us to apply to the new kind of forces, at least wheu 
we are considering them in their elements, the laws of the decom- 
position of forces, demonstrated in mechanics by those which are 
acting in the same direction with themselves, but which could not 
have been applied to these other forces had it not been for the 
experimental demonstration of this possibility. We have still 
need of a self-evident principle that an infinitely small portion of 
an electric current does not exercise any action upon another 
infinitely small portion of a current situated in a plane that passes 
through its centre, and is perpendicular to its direction. 

Let, therefore (Fig. 7.) Mm=ds, and w’”m=ds, be two 





Fig. 7. 


J- 


elements of electric currents, whose centres are at A and 4°: let «a 
plane, M À’ m, pass through the right line, À 4’, that joins them, 
and through the element x #. In like manner, let a plane M’A #” 
pass through the element, m”#, and the right line, A4”. The 
current directed along m#, namely, ids, may be replaced by its 
two components, N x, or 1ds cos. 6, according to the right line 
A A’, and Pp, or tds sin. 8, according to a perpendicular at A on 
A A’ in the plane mA’m"m. The current m’#° or i’ds’0 may, in like 
manner, be replaced by its two components N’n° or #’ds cos. #, 
according to AA’, and P’p’ or tds sin. 0’, according to a perpen- 
dicular at A’to AA’ in the plane M'A». Finally, the component, 
ds sin. 4, may itself be replaced by &’ ds” sin. 0” cos. w, directed 
in the plane mM4A’" along T’#, and by £”’ ds” sin. 0’ sin. w, directed 
according to a right line, u’#’, drawn in 4’, perpendicular to the 
plane, MA”m. All these decompositions may be brought about 
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by virtue of the second case of equilibrium, which enables us to 
apply to the forces on which we are engaged the general laws of 
decomposition. The mutual action of two elements of the current 
ids and tds, represented by M m and m’#”, may, therefore, be 
replaced by that of the jfve elements of the current that we have 
now traced out. 

Let us now see to what the mutual action of these five elements 
may be reduced : — 

Let us commence enumerating them, by referring to Fig. 7. 

Nan or ids cos. 6, following the direction À 4’; 

pp or ids sin. 0 perpendicular to A at A4’, in the plane MA”; 

N’n’or i’ ds cos. 8”, in the plane m’A»=’, in the direction A4; 

T’# or ids sin. ® cos. w, in the place M A”#, passing in 4° per- 
pendicular to A 4’; 

u’# or tds cos. 8’ cos. w, perpendicular to the plane MA°m 
in 4°”. 

These currents, situated in respect to each other either in the 
same or in different planes, all have their centres, the former in A, 
the latter in A”. In order to calculate the mutual action of these 
five elements, we must remember that it is reduced to that of Nn 
and Pp, which supply the place of Mm, upon N’n’, T’#’, and u’w/, 
which supply the place of w’#”. It is clear that Nn and Pp, 
components of the same current, do not act upon each other ; and 
the same is true of N’n°, T’#’, and u’#”, which are the components of 
mm. The action of u’# or 5” ds” cos. 0” cos. w upon Nn and upon 
Pp is null; because uw has its centre in A’in the plane ma”, 
to which it is perpendicular, and Nan and Pp are in this plane, — 
the former in the direction AA” of the line that joins its centre 
with that of u’v, the other in a direction perpendicular to this 
right line; it will not be the same of the action of T’£”, upon Nn, 
for the direction of T’£” is perpendicular to the direction produced 
of Nn, upon which its centre is situated. The action of Pp 
upon N’#° is also null for the same reason. These nullities of 
action are a consequence of the principle that we have mentioned 
above. 

There remains only the mutual action of Pp or ids sin. 0 and 
Tori ds sin. 0 cos. w; and that of Nnorids cos. 0 and N°n’ 
or &’ ds” cos. 0. The action of the two given elements, Mm and 
M", is reduced, therefore, to these two remaining actions ; and, 
as they both act in the direction of the right line A4”, which joins 
the centres of the portions of the current, between which they are 
exercised, we have merely to add them together in order to obtain 
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the expression that we are seeking, of the mutual action of two 
given currents, 
pp and T’# are in the same plane, and are at the same time 
both perpendicular to AA’, and consequently are parallel; from 
what we have seen at the commencement of this note, their mutual 
action will be, taking their respective values for the elements of 
the current, and representing the distance À 4”, that separates them 
ii dsds’ sin. 0 sin. 6 cos. w 
by r. RS 
the same plane, but on the same right line, that is to say, the 
direction of the one is upon a prolongation of the direction of the 
other. These latter circumstances, as we have also seen at the 
commencement of this note, makes it necessary to multiply by À, 
the formula that would give the general expression of their mutual 
action, in the case in which they were parallel, and the expression 
ki’ dsds cos. 0 cos. 6 


thus becomes ne The total action of the two 


elements, Mm= and x°#", or i ds and #”’ ds’ on each other has there- 
itdsds 
——— 

The form of the general expression of the mutual action of two 
elements of the current being found, it remains to determine the 
value of the two constants k and 2. M. Ampère nccomplished 
this by employing the third and fourth cases of equilibrium. He 
first made use of the third case alone, and by integrating the dif- 
ferential expression, that we have just found, he calculated the 
total amount of rotation, which the actions of the different parts 
of a closed circuit tend to impress upon a portion of a circular 
current, a momentum which, according to the third case of equi- 
librium, must be equal to zero.* This equality led him to a first 
equation betwcen the constants # and À; namely, #+2k— 1—0. 
We shall not follow M. Ampère in the long and difficult calcu- 


. Nan and N’#” are not only in 


fore this expression : (sin. 8 sin. 4 cos. w + À cos. 8 cos. 8’). 


* The experiment by which the third case of equilibrium (Fig. 100. p. 244.) is 
established, is but little susceptible of precision, on account of the friction of the 
moveable arc upon the mercury, contained in the two troughs : thus M. Ampère 
had at first deduced the value of 4 from another experiment, that did not present 
the same inconveniences ; it consisted in proving that a movable supporter of con- 
ducting wire, whose two extremities are in the vertical axis, around which it 
turns freely (Fig. 120. p. 272.), cannot move around this axis by the action of & 
horizontal circular conductor, whose centre is in the same axis It is evident 
that the conductor is much more mobile by this mode of operating than by 
the other; but M. Ampère had abandoned it because the calculation that be 
employed to deduce from it the value of 4, supposed that there was established 
relatively to each of the elements of the circular conductor, what experiment 
demonstrated only from the totality of this conductor. 
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lations, by means of which he arrived at this equation; it would 
be going beyond the limits that we have imposed on ourselves ; 
we shall merely add that, by calculations no less profound, he 
succeeded in discovering the expression of the mutual action of 
two circuits of a finite length, situated in the same plane, by con- 
sidering their arens À and À”, as divided in every direction into 
infinitely small elements; and, by supposing that these elements 
acted on each other, according to the right line that joins them, 
in direct ratio to their surfaces, and in inverse ratio to the powers 
Je ..  : n(n—1) AN, 

n+2 of their distance. ‘The expression is —ÿ— #32" 
Now, if we consider two similar systems, each composed of two 
closed and plane circuits, the similar elements of their areas would 
be proportional to the squares of the homologous lines, and the 
distances of these elements would be proportional to the first 
powers of these same lines. Let m represent the relation of the 
homologous lines of two systems, the action of the two elements 
of the first being still represented by the formula that we have 
just given, that of the two elements of the second will become 





: PER 
ñn (5) hante . In fact from the remark we have been 


making, it is necessary to multiply by the square of the number 
that expresses the relation of the homologous lines, viz. by #2, the 
expression which represents the individual action of each of the 
elements of the first system, in order to obtain that which repre- 
sents the action of each of the elements of the second: whence it 
follows that the product of the expressions of the two elements of 
the second system, which gives their mutual action, is found to be 
the product by =‘ of the expression of the mutual action of the 
two elements of the first. With regard to the expression r"**? 
of this expression, it is necessary, in order to pass to that of the 
second system, to multiply it by m"*?, because "=: still expresses the 
relation that exists between the respective distances of the elements 


* By taking up M. Ampère’s calculations, M. Plana found that this expression 

S Tv / 

is erroneous, and ought to be replaced by EST but, as the same 
rectification must be introduced into the following expression, no change occurs 
in the value of their relution, which is the only thing of importance in the de- 
termination of k and n, which are here in question. M. Ampère’ error, thcre- 
fore, is of no importance to the object upon which we are engaged ; it possesses 
some advantage for the cuses in which we require to express the absolute force, 


without even then, as M. Plana perceived, any change occurring to the general 
results, obtained by M Ampère. 
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of each of the two systems; in such sort, that if we call r’ this 
distance for the second, we have r’=r, r being the distance for 
the first, whence it follows that r°"+1= mt? pti, 

Now, the fourth case of equilibrium (Fig. 101. p. 245.), proves 
that the action of the second system must be equal to that of the 
first; for, in the first experiment by which it is established, the 
larger circle and the mean circle form a system similar to that 
of the mean and the smaller circle; the mean circle, which is 
movable, remains in equilibrium between the two extreme circles 
which are fixed when the circumference of all these is traversed 
by the same electric current. Now the relation that exists between 
the expressions of these two actions is - To or m°"; and, since 
they are equal, this relation must be equal to unity, or #°; which 
gives a —=2, and in virtue of the equation 1—n—24=0, k= —4. 

Thus the general expression of the mutual action of two elements 
of any currents, situated in any planes, by putting in the place of n 
and À their respective values +2 und —4, becomes 

7e me (sin. 6 sin. 6” cos. w — 4cos. 6 cos. 0°); 


an expression which no longer contains any unknown quantities. 
C0 1) is’ A” 

nt 
relating to the mutual action of two closed currentss it follows 
that this expression being now only the function of the dis- 
tance, since, with the exception of r, all the quantities that enter 
into it are constant, there can never result from this action a con- 
tinuous rotatory movement. ‘This important consequence is com- 
pletely confirmed by experiment, which equally shows that it is 
impossible to produce a continuous rotatory movement by the 
mutual action of two magnets, which are both assemblages of closed 
currents. 

We have seen in NoTE E, that, by applying calculation to one of 
M. Biots experiments, the mutual action of an element of a current 
and a magnetic molecule is found to be in inverse ratio to the 
square of their distance ; but this result could not be extended to 
two elements of the current, except by admitting that the action 
of magnets is due to electric currents; whilst the demonstration 
that has been given of it by M. Ampère, while confining himself 
to cases of equilibrium, in which electric currents alone are in 
play, is independent of all hypotheses that might be made upon the 
constitution of magnets. 


We may remark in passing, that, from the formula 
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It was not always 80. M. Ampère was at first contented with 
the former relation between the two constants À and n, founded 
upon the fact that a conductor, movable around an arc at which it 
terminates on both sides, whatever be its form, does not experience 
any tendency to turn always in the same direction, by the action 
of a portion of the circular conductor, whose centre is in the axis 
of rotation, and whose plane is perpendicular to this axis. This 
rotation, which M. Ampère replaced, as we have seen, by the third 
case of equilibrium, gives 2+2k—1—0. From analogy between 
the divers phenomena of attraction that occur in nature, and 
particularly with the result of M. Biot’s experiment in Norte E., to 
which we have just referred, M. Ampère had originally admitted, 
without direct demonstration, that the exponent n ought to be 2, 
which gave, as we have seen, À = — 4}. More recently, M. Savary 
discovered a second relation between #7 and À, by means of an ex- 
periment by MM. Gay-Lussac and Welter, which is, that a mag- 
netised steel ring exercises no exterior action, although its particles 
are really endowed with magnetisation, since its magnetic properties 
are manifested in its divers parts, as soon asit is broken. M. Ampère 
then made the same experiment, by replacing the ring by an 
assemblage of circular currents, arranged like those which he 
admits to be around the molecules of magnetised steel. By letting 
O, according to experiment, represent the action of this system 
upon any exterior point, M. Savary obtained between x and À, 
independently of all assimilation between magnets and electric 
currents, a second relation n + 1=0; which, on being combined 
with the former, n +24 — 1, gives the equation n°—n—2-0 
orn—=$+;. We thus find for x two values, namely, 2 and — 1, 
which correspond for À to — 4 and to + & We have, therefore, 
to choose between the two systems (n —=2 and = —1) and 
(n= —1 and À=1). Now M. Ampère has shown by a direct ex- 
periment that # must be negative ; for this constantr epresents the 
relation between the actions of two elements of currents (Fig. 6.) 
when, the distance being the same, they are supposed first to be di- 
rected along the same right line, and then both in the same plane, 
and perpendicular to the right line by which they are joined, viz., 
parallel ; this last action being positive, viz., attractive, the other 
is negative, viz., repulsive, the relative direction of the currents 
remaining of course the same ; this follows from the experiment, 
in which we see that two portions of the current, moving in the 
same right line, and in the same direction mutually repel each 
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other (Fig. 92. p. 280.). These two same portions of the current, 
when transported parallel to each other, are found to travel in the 
same direction. ; 

We shall not follow M. Ampère in the application that he made 
of his formula to the determination of all the circumstances of 
motion that a fixed rectilinear or circular current must impress 
upon a movable current, when the relation is known of the position 
of the conductors, by which the currents are transmitted. We 
have already seen how M Ampère, by means of his theory explains 
in particular all the pheuomena of continuous rotation, arising 
from the mutual action of currents, as well as all the effects of 
terrestrial magnetism, by reducing them to those of one fixed in- 
definite current. The results of calculation, when applied to 
considerations of this kind, are found perfectly confirmed by those 
of experiment. Perhaps the most difficult and the most delicate 
point is that concerning the assimilation of magnets to an assem- 
blage of circular currents, arranged in a regular manner and 
constituting solenoïds. 

In 1823, M. Savary, in a work to which we have already made 
allusion, endeavoured to calculate the action of this assemblage, 
and was on this occasion led to determine # and 4, by combining 
the equation n + 24 — 1 =0, originally found by M. Ampère, and 
kn+1=0. This was before M. Ampère had arrived, by the 
consideration of his fourth case of equilibrium, to determine it in 
a direct manner from these {wo constants. M. Savary then found, 
by calculating the effect of all the actions exercised upon an 
element of a current, placed at a very great distance, by a 
succession of circular and very small currents, whose planes were 
perpendicular to a right or curved line, that all the actions are 
reduced to two forces, directed according to perpendiculars to the 
two planes, passing through the element and through the extremity 
of the solenoïds. The intensities of these forces are in inverse 
ratio to the squares of the distances by which the element is 
separated from the extremities of the electro-dynamic cylinder, 
and proportional to the sines of the angles made by the lines, by 
which these distances are measured, with the direction of the 
element. These forces are thus independent of the form of the 
curve, to which the planes of the circular currents are perpen- 
dicular. This law, which M. Savary had deduced simply from 
the theory of the mutual action of voltaic currents, is the same as 
that which was the result of the experiments of MM. Biot and 
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Savart, for expressing the action of a magnet upon an element of 
a current (Note E.). There is a single difference : it is, that the 
centres of action, which may be substituted for all the circular 
currents, that constitute an electro-dynamic cylinder, are the very 
extremities of the cylinder, whilst the centres of action or the 
poles of the magnet are at certain distances from these extremities. 
In general, a solenoïd conducts itself like a magnet, having the 
same axis ; and, setting out from the elementery law of the mutual 
action of two infinitely small currents, calculation leads to results 
in conformity with experiment, when it is applied to the action of 
a current of the given form, or a solenoïd, and to the mutual action 
of two solenoïds. 

In his work, entitled Theory of Electro-dynamic Phenomena, 
M. Ampère has confirmed and generalised the results obtained by 
M. Savary upon solenoïds ; and, by the consideration of the fourth 
case of equilibrium, he succeeded in explaining all the phenomena 
that are presented by magnets, by considering them as the results 
of assemblage of electric currents, forming very small circuits 
around their particles. He showed, in particular, that two systems, 
composed of very small solenoïds, act upon each other, according 
to his formula, like two magnets, composed of as many magnetic 
elements as there may be supposed to be solenoïds in these two 
systems; one of these systems acts also upon an element of the 
electric current just as a magnet does; consequently, all the ex- 
planations, all the calculations, founded both upon the considera- 
tion of the attractive and repulsive forces of these molecules in 
inverse ratio to the square of the distances, and upon that of the 
resultant forces between one of these molecules and an element of 
the electric current are necessarily the same, whether the phenomena 
that produce the magnets in these two cases, be explained by electric 
currents, or, if we prefer it, by the hypothesis of two magnetic 
fluids. Neither in these calculations, therefore, nor in these ex- 
planations, can objections be sought against Ampère’s theory, nor 
proofs in its favour. These proofs follow rather from its reducing 
to one action three sorts of actions, which the whole of the phe- 
nomena prove to be due to one common cause, which cannot be 
otherwise reduced; namely, the mutual action of two currents, 
the mutual action of two magnets, and the mutual action of a 
magnet and a current. It was at first thought that they all might 
bave been explained by the mutual action of two magnets, by sup- 
posing, as we have already mentioned that, from the passage of 
the electric current in a conductor, there is developed in it a trans- 
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verse magnetic polarity; but the phenomena of continuous rota- 
tory motion are in complete contradiction to this iden. It was 
therefore necessary, if M. Ampère’s theory were not adopted, to 
regard the three kinds of action, which he has reduced to one 
common law, as three sorts of phenomena absolutely independent 
of each other. In fact, the mutual action of magnetic molecules, 
if it existed, could not be regarded as the elementary force, since, 
being proportional to a function of the distance, it could never give 
rise to the motion, always accelerated and in the same direction, 
which the phenomena of rotation present. Still less does the ele- 
mentary force depend upon that which is manifested between a 
magnetic element and an element of the current; viz. between 
two bodies in truth of very small volume, but of which one is ne- 
cessarily compound, whichever manner of interpreting the phe- 
nomena be adopted. But if it be the mutual action of the two 
elements of the current, that is regarded as the elementary force, 
then we are able to explain all the phenomena; and the mutual 
action, either of two magnetic elements, or of a magnetic element 
and an element of a current, are then compound actions; because, 
in this case, the magnetic element must be considered as a com- 
pound. We may remark that although from the whole collection 
of facts it is natural to conjecture that the three kinds of action 
depend on a single cause, it is by calculation alone, and without 
any prepossession as to the nature of the force which two elements 
of the current exercise upon each other, that M. Ampère has 
proved, by seeking from the data of experiment alone, the ana- 
lytic expression of this force, and by demonstrating that from it 
are deduced the values of the other two, such as they have been 
also given by experiment. 

With regard to the nature of the elementary force, that two 
portions of conductors, in which electric fluids are moving, ex- 
ercise upon each other, these effects are so different from those 
that are manifested when the two fluids are at rest in bodies 
charged with static electricity, that it has even been assumed that 
the former ought not be attributed to the same fluids as the latter. 
This is precisely as if we concluded from the suspension of mer- 
cury in the barometer being an entirely different phenomenon 
from that of sound, that we ought not to attribute them to the 
same atmospheric fluid at rest in the former case, and in motion 
in the latter, but rather to two different fluids, one pressing on 
the surface of the mercury, the other transmitting the vibratory 
movements that produce sound. 
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However, there is nothing to prove that the force expressed by 
M. Ampère’s formula cannot result from the attractions and re- 
pulsions of two electric fiuids in inverse ratio to the squares of the 
distances of their molecules. Only we must not suppose-that these 
molecules are distributed upon the conducting wires, 80 as to 
remain fixed there, and to allow consequently of their being re- 
garded as invariably connected together. In fact, it follows from 
the principle of the preservation of active forces, which is a ne- 
cessary consequence of the very laws of motion, that when ele- 
mentary forces are expressed by simple functions of the mutual 
distances from the points between which they are exercised, and 
that a part of these points are invariably connected together, and 
do not move except in virtue of these forces, the others remaining 
fixed, the former cannot return into the same situation in respect 
to the latter, with greater velocities than those which they had 
when they departed from this same situation. Now, in the move- 
ment of continuous rotation that is impressed upon a movable 
conductor by the action of a fixed conductor, all the points of the 
former return to the same situation with greater and greater velo- 
cities at each revolution, until friction and the resistance of the 
mercury or of the acidulated water, into which the extremity of 
the conductor is plunged, set a limit to the increase of the velocity 
of the rotation of this conductor ; it then becomes constant, notwith- 
standing these frictions and this resistance. We ought, therefore, 
to conclude, from what has been said, that these phenomena are 
due to the fact that the two electric fluids traverse the conducting 
wires continuously, with an extremely rapid motion; and alter- 
nately unite and separate in the intervals of the particles of these 
wires. Às soon as we suppose that the electric molecules, when 
set in motion in conducting wires by the action of the battery or 
of any other source of electricity, continually change places, as we 
have just expressed it, it is no contradiction to admit that from 
the actions, in inverse ratio to the squares of the distance, exercised 
by each molecule, there might result between two elements of 
conducting wires a force depending not only on their distance, but 
also on the directions of the two elements, according to which the 
electric molecules are moving, and are reuniting to molecules of 
the opposite kind, in order to recompose neutral fluid, and separat- 
ing at the following instant to go and recombine with others. Now, 
precisely and only from this distance, and from these directions, is 
the force derived, which is then developed, and whose value is 
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given by M. Ampère’s experiments and calculationn We shall 
see in the Fourth Part of this Treatise, the ideas that may be 
formed of the motion in question, or in other words, on the mode 
of the propagation of dynamic electricity. What is important 
here was to prove, independently of all hypotheses as to its nature, 
the necessary existence of this movement, in order to explain the 
phenomena classed under the name of electro-dynamics by M. 
Ampère, who was the first to establish this important principle, of 
which no idea had previously existed. 

It was in November, 1826, as we have already said, that M. 
Ampère published a complete exposition of his mathematical 
theories of electro-dynamic phenomena, summing up and com- 
pleting in this work, the curious researches that he had himself 
made on the same subject since 1820, and to which M. Savary and 
M. de Montferrand had added some important developments. Since 
that time little attention has been paid to this branch of electricity; 
whence it might seem that nothing remained to be done. Two 
German philosophers, however, MM. Weber and Neumann, re- 
sumed it on account of induction currents; the former essentially 
in an experimental point of view, the latter exclusively in its 
mathematical relations. JI have already made allusion to their 
works in the chapter on Znduction, p. 433.; I will confine myself 
to remarking that these works do not in any way change the funda- 
mental basis of M. Ampère’s theory. The same is the case with 
the recent, and as yet unpublished, remarks of M. Cellerier, which 
this young philosopher communicated to the Academy of Sciences 
of Paris, on June 3d, 1850 (Comptes Rendus de l Ac. des Scien. 
de Paris of June 3., 1850; and Arch. des Scien. Phys. Biblio. 
Univ. t. xiv. p.211.); and the object of which is to establish 
Ampère’s formulæ and laws, setting out of the question all previous 
hypotheses, even of the forms to be given to the expression of the 
action of the forces in play: a work that had become necessary to 
secure these results from being shaken by the effect of changes 
that, from the progress of science, may be introduced into the 
ideas that are formed of the very nature of electricity. In the 
ignorance in which we are as to the manner in which electro-dy- 
namic actions result from the properties of electric fluids, or are 
influenced by the ambient medium, it may be that the very simple 
forms assumed for the action of two elements which could not be 
directly verified by experiment, may not be exact; and that this 
action is composed of many distinct forces, and may not have 8 
resultant, directed according to the right line that joins the two 
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elements. In order to know exactly its form and value, we must 
make it consist of an entirely arbitrary system of forces, which 
may even have no resultant, and the components and moments of 
which may be unknown functions of quantities, by which the 
relative position of the elements is determined. This is the course 
that was followed by M. Cellerier, and by means of which he suc- 
ceeded in establishing, upon a still more solid basis, the admirable 
results that were arrived at by Ampère, and which this philosopher 
had conceived to be free from all objection, never imagining that 
the principles from which he set out, and which he had regarded 
as axioms in mechanics, might be contested. 

Finally, a mathematician well known for his beautiful researches 
in celestial mechanics, and in physical mathematics, M. Plana, 
directed his attention to the same subject, namely, to dynamic 
electricity, after having treated, in a remarkable work, the questions 
of static electricity, which M. Poisson’s labours did not appear to 
him to have made sufficiently clear. ‘To give an idea of the point 
of view under which he regarded the question of electro-dynamics, 
1 cannot do better than quote what he wrote to me on this subject 
at the end of December, 1847 :— Ampère’s formula is an ex- 
pression of a law of nature; I know not whether it is primitive or 
secondary ; but it contains a vast number of consequences of the 
highest importance, which cannot be disclosed except by the in- 
tegral calculus. Towards the commencement of 1847, I published 
at Rome two pamphlets upon this subject, but I know not whether 
they have been much looked into by philosophers, because the 
difficulties of the calculus do not permit of their being an agreeable 
subject for reading. ‘l'he most simple of curves is the circle; but 
this circle, when traversed by a voltaic current, becomes capable 
of exercising a force upon an electric element of the same or of 
the contrary name. Very well! we must employ elliptic tran- 
scendents, in order to express the resultants of the force that 
emanates from the periphery of the circle. But this very simple 
case requires formulæ, the knowledge of which is not generally 
possessed to the extent that is necessary. Also, Ampère has not 
given the true formula for the circular current. What he gave, 

n(n—1) i# AN 





namely, gp is erroneous; it should be replaced by 
3 _ ep / 
% 2 1 ( a )* For the solenoïd we must execute integration, 


* We have seen that this error produces no change in the results that Ampère 
drew from his formula. 
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by retaining several terms of the series, and then the difficulty 
increases enormously. I have executed it, but I am not yet suf- 
ficiently satisfied with it. This does not at all satisfy me; New- 


e A e e 
ton’s simple formula of ÿ Cannot be followed into its consequences 


without frightful calculations. That of Ampère, in which the co- 
efficient A is variable, presents difficulties of another kind, and 
even facilities, which sometimes form a striking contrast. The 
poles of solenoïds have no real existence, but things pass on as if 
they existed. When we tnke account of the first term alone in 
the expression of the force that emanates from a solenoïd, we 
think we sce the poles at the extremity ; but a more profound ex- 
amination modifies this mode of viewing it.” 

M. Plana’s own words will serve as my excuse, that I have not 
entered more into details on the mathematical theory of the action 
of electric currents; perhaps even the developments that I have 
given may have appeared, to many of my readers, too considerable. 
However, they will pardon me, if they will remark that we are 
concerned upon one of the most important theories of physics, as 
I said at the commencement of this note. Moreover, I am happy 
at having had an opportunity of setting forth, although very im- 
perfectly, a portion of the labours of one of the most remarkable 
philosophers of our epoch; and of showing that time, far from 
weakening its value, seems, on the contrary, to increase it. We 
may say that Ampère has been the Newton of Electricity. 


END OF THE FIRST VOLUME. 
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Terms, Maxims, Statutes, and Judicial Antiquities ; Correct Tables of Assessed Taxes, Stamp 
Duties, Excise Licenses, and l’ost-Horse Duties; Post-Office Regulations, and Prison Disci- 
pline. 15th Fdition, with Supplements, enlarged, and corrected throughout: With the 
Statutes of the last Session and Legal Lecisious, to Michaelmas Term, 14 and 15 Victoria. 
Fcp. 8vo. 10s. Gd. cloth. 


CAIRD.—ENGLISIT AGRICULTURE IN 1850 AND 1851; 


1ts Condition and Prospects. With Descriptions in detail of the best modes of Husbandry 
practised in nearly every County of England. By JAMES Cain, of Baldoon, Agricultural 
Commissioner of The Times; Author of ‘ High Farming under Liberal Covenants.”’ 8vo. 
14s. cloth. 


CARPENTER.—TARIETIES OF MANKIND ; 


Or, an Account of the Distinctive Characters of the principal Races of Men. By W. B. 
CanPEexTeR, M.D., F.R.S., F.GS., Examiner in L'hysiology in the University of London. 
Witb numerous Fngravings on Wood. Being Dr. Carpenter’s Article on the Varieties of 
Mankind, reprinted, with Alterations and Additions, from ‘ Todd’s Cyclopædia of Anatomy 
and Physio'ogy.”’ Post 8vo. [In preparation. 
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CATLOW.—POPULAR CONCHOLOGY ; 


Or, the Shell Cabinet arranged: being an Introduction to the Modern System of Conchology: 
with a sketch of the Natural History of the Animals, an account of the Formation of the Shells, 
and a complete Descriptive List of the Families and Genera. By AGNzs CArLOw. With 
312 Woodcuts. Fcp. 8vo. 10s. 6d. cloth. 


© CAFLEY.—DANTES DIFINE COMEDF. 


The Vision of Hell. Translated in the Original Ternary Rhyme. By C. B. Carey, B.A. 
Fcp. 8vo. 6s. cloth. 


© CECIL.—TIIE STUD FARM; 


Or, Hints on Breeding Horses for the Turf,the Chase, and the Road. Addressed to Breeders 
of Race Horses and Hunters, Landed Proprietors, and especially to Tenent Farmers. By 
Caciz. With Frontispiece; uniform with Harry Hieover's Practical Horsmanskip. Fcp.8vo. | 
ss. half-bound. | 


CIIESNEY.—THE EXPEDITION FOR THE SURVEY OF THE 


RIVERS EUPHRATES and TIGRIS, carried on by order of the British Government, 
in the Years 1835, 1836, and 1837. By Lieut.-Col. CHrsney, R.A., F.R.S., Commander of 
the Expedition. Vols. I. and II. in royal 8vo. with a coloured Index Map and numeroos 
Pilates and Woodcuts, 83s. cloth.—Also, an ATLAS of Thirteen Charts of the KExpedition, 
price #1. 118. 6d. in case. 


*,* Theentire work will consist of Four Volumes, royal 8vo. embellished with Ninety-seven 
Plates, besides numerous Woodcut Illustrations, from Drawings chiefly made by Offices 
employed in the Surveys. 


CLISSOLD.—TITE SPIRITUAL EXPOSITION OF THE APOC1- 


LYPSE, as derived from the Writings of the Hon. Emanuel Swedenborg ; illustrated and con- 
flrmed by Ancient and Modern Authorities. By the Rev. Acausrus CLissoLp, M.A., formerly 
of Exeter College, Oxford. 4 vols. 8vo. Two Guiness, cloth, 


CONFTRBEARE AND HOWSON.—THE LIFE AND EPISTLES 


of SAINT PAUL; Comprising a complete Biography of the Apostle, and a Paraphrastie 
Translation of his Episties inserted in Chronological Order. Edited by the Rev. W. J. 
CONYBEARE, M.A. late Fellow of Trinity College, Cambridge; and the Rev. J. S. Howsox, 
M.A. late Principal of the Collegiate Institution, Liverpool. With Engravings on Steel and 
Wood of the Principal Places visited Lby the Apostle, from Original Drawings made on tbe 
spot by W. H. Bartlett; and numerous Maps, Charts, Woodcuts of Coins, &c. The First 
Volume ; with Eighteen Engravings on Steel, Nine Maps and Plans, and numerous Wood- 
cuts. déto. 28s. cloth. Vol. IT. Part L. price 9s. boards. 


*.* To form Two Volumes, in course of publication in about Twenty Parts, price 2s. each ; of 
which Seventeen are now ready. 


CONTERSATIONS ON BOTAN Fr. 
New Edition, improved. Fcp.8vo. 22 Plates, 7s. 6d. cloth ; with the plates coloured, 12s. cloth. 


COPLAND.—A DICTIONARY OF PRACTICAL MEDICINE; 


comprising General Pathology, the Nature and Treatment of Diseases, Morbid Structures, 
and the Disorders especially incidental to Climates, to Sex, and to the different Epoctss of 
Life ; with numerousapproved Formulæ of the Medicines recommended. By JAMxs CoPLant, 
M.D. Consulting Physician to Queen Charlotte’s Lying-in Hospital, &c. &c. Vols.I.andiL 
8vo. #3, cloth ; and Parts X. to XV. 4s. 6d. each, sewed. 


THE CIHILDREN’S OWN SUNDAT-BOOK. 
By Miss Jura Corner, Author of ‘ Questions on the History of Europe,’ &e. Wià Te 
Illustrations engraved on Steel. Square fcp. 8vo. 5s, clotb. 
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COX.—PROTESTANTISM AND ROMANISM CONTRASTED BY 


the ACKNOWLEDGED and AUTHENTIC TEACHING of EACH RELIGION. Edited by 
the Rev. Jon Enmunp Cox, M.A., F.S.A., of All Souls’ College, Oxford; Vicar of St. 
Helen’s, Bishopgate, London. 3 vols. 8vo. 23s. cloth. 


CRESY.—AN ENCYCLOPÆDIA OF CIVIL ENGINEERING, 


Historical, Theoretical, and Practical. By Epwann Cazsy, F.8.A. C.E. In One very 
large Volume, illustrated by upwards of Three Thousand Engravings on Wood, explanatory 
of the Principles, Machinery, and Constructions which come under the Direction of the 
Civil Engineer. 8vo. #3. 13s, 6d. cloth. 


THE CRICKET-FIELD; OR, THE SCIENCE AND HISTORY 


of the GAME. Illustrated with Diagrams, and enlivened with Auecdotes. By the Author 
of ‘‘ Principles of Scientific Batting,”” &c. With Two Eugravings on Steel; uniform with 
Harry Hicover’s Hunting-Field. Fcp, 8vo. 5s. half-bound. 


DALE.—TITE DOMESTIC LITURGY AND FAMILY CHAPLAIN, 


in Two Parts: The First Part being Church Services adapted for domestic use, 
with Prayers for every day of the week, selected exclusively from the Book of Common 
Prayer; Part 11. comprising an appropriate Sermun for every Sunday in the year. By 
the Rev. THOMAS DaLk, M.A., Canon Residentiary of St. Paul’s Cathedral. 2d Edition. 
Post 4to. 215. cloth: or, bound by Hayday, 318. 6d. calf lettered ; #2. 105. morocco. 


TH FAMILY CHAPLAIN, price 128. cloth. 
Separately { Tux Domxsric Liturarx, price 10s. 64. cloth. 


DAFIS.—CHINA DURING TUE WAR AND SINCE TIDE PEACE. 
By Sir J. F. Davis, Bart., late Her Majesty’s Plenipotentiary in China; Governor and Com- 
mander-in-Chief of tbe Colony of Hong: Kong. 3 vols. post 8vo. with Maps and Wood En- 
gravings. [In the press. 


DELABECITE.—TIIE GEOLOGICAL OBSERVER. 


By Sir Hanay T. DeLaBkcne, F.RS., Director-General of the Gcological Survey of the 
United Kingdom. Ju One large Volume, with many Wood Engravings. 8vo. 18s. cloth. 


DELABECHE.—REPORT ON TIIE GEOLOGY OF CORNW ALL, 


DEVON, and WEST SOMERSET. By Sir Henay T. DELaBxcue, F.R.S., Director- 
General of the Geological Survey of the United Kingdom. Published by Order of 
the Lords Commissioners of H.M. Treasury. 8vo.with Maps, Woodcuts, and 13 large Pates, 
14s. cloth, 
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DE LA RIVES WORK ON ELECTRICITI.—A TREATISE ON | 
ELECTRICITY ; its Theory and Practical Application. By A. DE LA Riva, of the 
Academy of Geneva. Illustrated with numerous Wood Engravings. 3 vols. 8vo. 

[Nearly ready. 


| 
DENNISTOUN.—MEMOIRS OF TIIE DUKES OF URBINO ; | 
Etlustrating the Arms, Arts, and Literature of Italy, from MCCCCXL. to MDCXXX. By 
JANES DENNISTOUN, of Dennistoun. With numerous Portraits, Plates, Fac-similes, and 
Engravings on Wood. 3 vols. crown 8vo. #2. 8s. cloth. 


DISCIPLINE. 
By tbe Authoress of ‘ Letters to my Unknown Friends,” ‘Twelve Years Ago,” “ ome 
Passages from Modern History,’”’ and ‘‘ Letters on Iappiness.””’ Second Edition, enlarge 
18m. 38. 6d. cloth. 
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EASTLAKE.—MATERIALS FOR À HISTORY OF OIL 
PAINTING. By CHaARLes Loc EasTLAKe, Esq. P.R.A. F.R.S. F.S.A.; Secretary to the | 
Royal Commission for Promoting the Fine Arts in connexion with the rebuilding of the Houses 
of Parliament, &c. 8vo. 166. cloth. 


*,* Vol. II. On the Italian Practice of Oil Painting, is preparing for publication. 


TUE ENGLISIMAN’S GREEK CONCORDANCE OF THE NEW 
TESTAMENT: being an Attempt at a Verbal Connexion between the Greek and the 
English Texts; including a Concordance to the Proper Names, with Indexes, Greek-Engiish 
and English-Greek. New Edition, with a new Index. Royal 8vo. 428. cloth. 


THE ENGLISHMAN’S HEBREW AND CHALDEE CON. 


CORDANCE of the OLD TESTAMENT ; being an Attempt at a Verbal Connection between 
the Original and the English Translations: with Indexes, a List of the Proper Names and 
their occurrences, &c. 2 vols. royal 8vo. #3. 13s. 6d. cloth; large paper, #4. 148. 6d. 


EPHEMERA.—TUE BOOK OF TIIE SALMON : 


In Two Parts. Part I. The Theory, Principles, and Practice of Fly-Fishing for Salmon: with 
Lists of good Salmon Flies for every good River in the Empire; Part II. The Natural History 
of the Salmon, all Its known Habits described, and the best way of artificially Breeding It 
explained. Usefully illustrated with numerous Coloured Engravings of Salmon Flies and 
Salmon Fry. By ErHemxna, Author of ‘“ À Hand-Book of Angling ;””’ assisted by Axpazw 
You, of Invershin, Manager of the Duke of Sutherland's Salmon Fisheries. Fcp. 6vo. 
with coloured Plates, 1145. cloth. 


EPHEMERA—A IHAND-BOOK OF ANGLING ; 
Teaching Fly-fishing, Trolling, Bottom-fishins, Salmon-fishing; with the Natural History of 
River Fish, and the best modes of Catching them. By Eruxmxna, of “ Bell’s Life in 
London.” New Edition, enlarged. Fcp. 8vo. with numerous Woodcuts, 9s. cloth. 


ERMAN.—TRAVELS IN SIBERITA : 
including Excursions northwards, down the Obi, to the Polar Circle, and southwards to the 
Chinese Frontier. By ADoLPH ERMAN. Translated by W. D. CooLky, Esq. Author of 
“The History of Maritime and Inland Discovery ;””’ 2 vols. 8vo. with Map, 318. 6d. cloth. 


FORBES.— DAUOMEY AND THE DAIOWANS : 


Being the Journals of Two Missions to the King of Dahomey, and Residence at his Capital, 
in the Years 1849 and 1850. By Frkpericx KE. FoRSESs, Comuauder, R.N., F.R.G.S.; Au- 
thor of ‘‘ Five Years in China,” and ‘Six Months in the African Blockade.””- With 10 Ptates, 
priuted in Colours, and 3 Wood Engravings. 2 vois. post 8vo. 215. cloth. 


FORESTER AND BIDDULPH'S NORW'A?7. 
Norway in 1848 and 1849: containing Rambles among the Fjelds and Fjords of the Central and 
Western D:stricts; and including Remarks on its Political, Military, Ecclesiastical, and Social 
Organisation. By THoMaAs Fonesrer, Esq. With Extracts from the Journals of Lieutenant 
M.S. BiopuLpn, Royal Artillery. With a new Map, Woodcuts, and Ten coloured Plates 
from Drawings made on the spot. 8vo. 18s. cloth. 


FOSS.—TIE JUDGES OF ENGLAND : 


with Sketches of their Lives, and Miscellaneous Notices connected with the Courts at West- 
minster from the time of the Conquest. By EDwWARD Fuss, F.S.A. of the 1nner Tempk 
Vols. I. 11. 111. and 1V. 8vo. 564. cloth. 


FRANCIS.—TITIE HISTORY OF TIIE BANK OF ENGLAND: 


Lts Times and Traditions. By Jonn FRancis. Third Edition. 9 vols. post 8vo. 218. cioth. 
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FRANCIS.-—A ITISTORY OF TIIF ENGLISIT RAILWAF ; 


Its social Relations and Revelations. By Joux FRaAxcis. 2 vols. 8vo. 245. cloth. 


FRANCIS.—CITRONICLES AND CHARACTERS OF THE STOCK 


EXCHANGE. By Jonn Francis. Second Edition. 8vo. 12s. cloth. 


= rte tn 


GOLDSIIITII—THE POEËTICAL WORKS OF OLIFER GOLD- 


SMITH. Jilustrated by Wood Engravings, from Designs by Members of the Etching Club. 
With a Biographical Memoir, and Notes on the l’oems. Fdited by Bozron CoRney, Esq. 
+ Uniform with Thomson’s Seusons illustrated by the Æ/ching Club. Square crown 8vo. 
| One Guinea, cloth ; or, bound in morocco by Hayday, #1. 166. 


GOSSE—A NATURALISTS SOJOURN IN TAMATCA. 


j By P. H. Gosss, Esq., Author of “The Birds of Jamaica,’ ‘ Popular British Ornitholoxzy, ’ 
&c. With coloured Pilates. Post 8vo. 148. cloth. 

| 

[ 


GRAÏAM.—ENGLISH ; OR, TIIE ART OF COMPOSITION 


Explained in a Series of Instructions and Examples. By G. F. GRanam. New Edition, : 


revised and improved. Fcp. 8vo. 6s. cloth. 


GURNEY.—IISTORICAL SCIETCITES y 


Illustrating some Memorable Events and Epochs, from À.D. 1,400 to A.n.1,546. By the Rev. 
Joux HAMPDEN GURNEY, M.A., Rector of St. Mary’s, Mary-le-bone. Fcp. 8vo. 7s. 6d. cloth. 


GWILT.—AN ENCICLOPÆDIA OF ARCITITECTURE, 
Historical, Theoretical, and Practical. By JosrPrn Gwicr. Illustrated with more than 
One Thousand Engravings on Wood, from Designs by J. 8. Gwicr. Second Edition, with a 
Supplemental View ofthe Syÿmmetryand Stability of Gothic Architecture ; comprising upwarus 
of Fighty additional Woodcuts. 8vo. 52s. 6d. cloth. 


SUPPLEMENT.—Comprising a View of the Symmetry and Stability of Gothic Architec- 
ture; Addenda to the Glossary; and an Index to the entire Work: with upwards of 
Eighty Wood Engravings. 8vo. 6s. cloth. 


SIDNEY ITALLS NEW GENERAL LARGE LIBRARY ATLAS 
OF FIFTY-THREE MAPS (nize Din. by 16in.), with the Divisions and Boundaries care- 
faliy coloured ; and an Alphabetical Index vf allthe Names contained in the Maps, with their 
Latitude and Longitude. An entirely New Edition, correcte throughout from the best and 
most recent Authorities; with all the Railways laid down, and many of the Maps re-drawn 
and re-engraved. Colombier 4to. #3. 5s. half-Lound in russia. 


HARRISON—ON THE RISE, PROGRESS, AND PRESENT 
STRUCTURE of the ENGLISH LANGUAGF. By the Rev. M. Hannison, M.A. late 
Fellow of Queen’s College, Oxford. Post 8vo. 8s. 6d. cloth. 


HARRY HIEOFER.—THE HUNTING-FIELD. 
By Hanny Hisoven, Author of ‘“ Stable-Talk and Table-Talk; or, Spectacles for Young 
Sportsmen.”’ With Two Plstes—One representing The Right Sort; the other, The Wrong Surt. 
Fcp. 8vo. 5s. balf-bound. 


HARRY HIEOFER.—PRACTICAL HORSEMANSITTP. 


By Hanay Hisoven, Author of ‘Stable Talk and Table Talk; or, Spectacles for Young 
Sportsmen.” With 2 Plates—-One representing Going ike H'orkmen ; the other, Going like 
Maufe. Fcp. 8vo. 56. half-bound. 
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AND PRACTICAL MEN: Being a Guide to the Choice of n Horse for use more thm 
for show. By HARRY HIKOvVER, Autho: of “ Stable Talk and Table Talk.” With Two Piates 
—One representing À pretty good snrt fur most puro ses; the other ‘Ragéher? a bad sort fer 
any purpose. Fcp. 8vo. 5s. half-bounii. 


ITARRF HIEOVFER.—TIIE POCKET AND THE STUD ; 


Or, Practical Hints on the Management of the Stable. By HarnyY Hisovze, Author of 
‘6 Stable-Talk and Table-Talk ; or, Spectacles for Young Sportsmen ” Second Edition; with 
Portrait of the Author on his favourite Horse Harlequin. Fcp. 8vo. 5s. balf-bound. 


IHARRY HIEOTER.—STIBLE TALK AND TABLE TALK ; 


or, SPECTACLES for YOUNG SPORTSMEN. By Harry Hisoven. Now Edition. 
2 vols. 8vo. with Portrait, 245. clotn. 


HAIWKER.-—INSTRUCTIONS TO YOUNG SPORTSMEN 


In all that relates to Guns and Shooting. By Lieut.-Col. P. Hawawzr. New Kdition, 
corrected, enlarged, and improved; with Eighty-five Plates and Woodcuts by Adlard and 
Branston, from Drawings by C. Varley, Dickes, &c. 8vo. 218. cloth. 


IHATDN’'S BOOK OF DIGNITIES : 


Containing ROLLS OF THE OFFICIAL PERSONAGES of the BRITISH EMPIRE, Civil, 
Eccles:astical, Judicial, Military, Naval, and Municipal, from the KARLIEST PERIODS to 
the PRESENT TIME; Compiled chiefiy from the Reconis of the Public Offices. Together 
with the Soverigus of Europe, from the foundation of their respective States; the Peerage 
and Nobility of Great Britain, and numerous other Lists. Being a New Edition, improved 


HARRY IIEOFER.-—TILE STUD, FOR PRACTICAL PURPOSES | 


and continued, of BRATSON'S POLITICAL INDEX. By Joserx HAYDN, Combiler of | 


“The Dictionary of Dates,’ and other Works. 8vo. 258. half-bound. 


“It is difficult to exaggerate the usefulnens af a compilation like thin. To all putlic and official men, and to others 
engaged in various branches of hist: rieal research. it will be a book of conatant reference."' Monsixe Post 


“The Book of Dignities will become a necrsaary valume in all public epicen, à and will be found in mast libra-ies a 
valuable book of refe rence, in affording information of « kind not elsewhere collected together, while it may be rrlied an 
aa recent and authentie.' Lrrznant Gasxrrs. 


SIR JOUN HERSCHEL.—OUTLINES OF ASTRONOMT. 


By Sir Joux F. W. HkRsCuüKL, Bart. &c. &c. &c. New Edition; with Plates and Wood En- 
gravings. 8vo. 18s. cloth. 


HINTS ON ETIQUETTE AND TIE USAGES OF SOCIETT : 


With a Glance at Bad Ilabits. By AYæyés. ‘“ Manners make the man.” New Edition, 
revised (with additions) by a Lady of Rank. Fcp. 8vo. 28. 6d. cloth. 


LORD HOLLAND'S WEMOIRS. 


Memoirs of the Whiz Party during my Time. By Henry Ricaanp Lorn HoLLanD. 
Edited by bis Son, IIENRY EnwarD LorD HoLLanD. Vol. I. Post 8vo. 9s. 6d. cloth. 


LORD HOLLAND'S FOREIGN REMINISCENCES.— FOREIGN | 


REMINISCENCES. DL; Frxry Ricard LorD HozLAND. Comprising Anecdotes, and an 
Account of such Persons and Political Intrigues in Foreign Countries as have fallen vithin 
his Lordship’s observation. Edited by his Son, HENRY EnwarD LorD HoLLAND ; with 
Fac-simile. Second Edition. Post 8vo. 108. 6d. 


HOLLAND.—CHAPTERS ON MENTAL PHYSIOLOGF. 


By Henry HoLLaNn, M.D., F.R.S., &c., Fellow of the Royal College of Physicians: Pby- 


sician Extraordinary to the Queen; and Physician in Ordinary to His Royal Highness Prince 
Albert. 6vo. 


HOOK.—TIIE LAST DATS OF OUR LORD'S MINISTRFT : 


A Course of Lectures on the principal Events of Passion Week. By WALTER FARQUIHAR 
Hook, DD. Vicar of Leeds, Prebendary of Lincoln, and Chaplain in Ordinary to the Queer. 
New Edition. Fcp. £vo. 6s. cloth. 
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HOOKER.—-KEW GARDENS; 
Or, a Popular Guide to the Royal Hotanic Gardens of Kew. By Sir WILLIAM JACKS0N 
Hoozuse, K.H. D.C.L. F.R.A. & L.S. &c. &c. Director. New Edition. 160. with numerous 
Wood Engravings, 6d. sewed. 


HOOKER AND ARNOTT.—TILE BRITISH FLORA; 


Comprising the Phænogamous or Flowering Plauts, and the Ferns. The Sixth Edition, 
with Additions and Corrections; aud uumerous Figures illustrative of the Umbelliferous 
Plants, the Composite Plauts, tle Grasses, and the Ferns. By Sir W. J. Hookean, F.R.A. 
and L.S. &ec., and G. A. WALKER-ARnNOTT, LL. D. F.L.S. and R.S. Ed ; Regius Professor 
of Botany in the Uuiversity o{ Glusgow. J2mo. with 12 Plates, 148. cloth ; or with the Flates 
coloured, price 21s. 


HORNE.—AN INTRODUCTION TO THE CRITICAL STUDY 
and KNOWLEDGE of the HOLY SCRIPTURES. Ry Thomas HARTWELL JIonna, B.D. 
of St. John’s College, Cambridge; Rector of the united Parishes of St. Edmund the King 
aud Martyr, and St. Nicholas Acons, Lombard Street; Prebendary of St. l’aul’s. New 
Edition, revised and corrected ; with uumerous Maps and Facsimiles of Biblical Manuscripts. 
5 vols. 8vo. 63s. cloth; or #5, bouud in calf. 


e 
HORNE.—A COMPENDIOUS INTRODUCTION TO TILE STUDY 
of the BIBLE. By TuHomuas HARTWELL HORNE, B.U. of St. John's College, Cam- 
bridge. Being an Analysis of his ‘Introduction to the Critical Study aud Know- 
ledge of the Holy Scriptures.”” New Edition, corrected and enlurged. 121n0. with Maps and 
other Engravings, 9s. boards. 


HOWITT.—TIHE CHILDREN’S YEAR. 


By Many Howirr. With Four Illustrations, engraved Ly Jobn Absulon, from Original 
Designs by ANNA Many HOW1TT. Square 16mo. 5s. cloth. 


HOWITT.—TIHE BOT’S COUNTRY BOOK: 
Being the real Life of a Country Boy, written by himself; exhibiting allthe Amusements, 
Pieasures, and Pursuits of Children in the Country. Rdited by William Howirr. New 
Edition ; with 40 Woodcuts. Fcp. 8ro. Gs. cluth. 


UOWITT.—TILE RURAL LIFE OF ENGLAND. 
By Wizciam HowiTr. New Fdition, corrected and revised ; with Engraving»s on wood, by 
Bewick and Williams : uniform with V'isits {ou Remarkable Places. Medium 8vo. 21s. cloth. 


HOJFITT. — FISITS TO REMARKABLE PLACES; 


Old Halls, Battle-Fieids, and Scenes illustrative of Striking Passages in English History and 
Poetry. By WiLLiam HOWITT. New Edition ; with 40 Engraviugs ou Woud. Medium 8vo. 
218. cloth. 

SECOND SERIES, chiefy in the Cuunties of NORTHUMBERLAND and DURHAM, with a 
Stroll along the BORDER. With upwards of 40 Engravings on Wood. Aledium 8vo. 
21s. cioth. : 


HUDSON.—TIIE EXECUTORS GUILDE. 
By J. C. Hupson, Esgq. late of the Legacy Duty Office, London; Author of‘ l'lain Directions 
for Making Wills,”’ and ‘The Parents Haud-book.'”’ New Edition. Fcp. 8vo. 5s. cloth. 


HUDSON.—PLAIN DIRECTIONS FOR MAKING WILLS 


1n Conformity with the Law, and particularly with reference to the Act 7 Will. 4 and 1 Vict. 
c. %6. To which is adderl, a clear Exposition of the Law relating to the distribution of Per- 
sonal Estate in the case of Ifftestucy ; with two Forms of Wills, and much useful information, 
&c. By J. C. HuDpson, Esq. New Edition, corrected. Fcp. 8vo. 28. 6d. cloth. 


*e* These Two works may be had in One Volume, 7. cloth. 
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HUNBOLDT.—ASPECTS OF NATURE 


In Different Lands and Different Climates; with Scientific Elucidations. By ALRxANDER Von 
Hum8socor. Translated, with the Author’s sanction and co-operation, and at his express 
desire, by Mrs. SABINE. New Edition. 16mo. 6s. cloth: or in 2 vols. 3s. 6d. eacb, cloth; 
l'alf-a-Crown eacl,, sewed. 


BARON IHUWMBOLDTS COSMOS ; 


Or, a Sketch of a Physical Description of the Universe. Translated, with the Author’s sanction 
and co-operation, and at his express desire, under the superintendence of Lieutenant-Colonel 
EDwaARD SABINE, R.A. V.P.and Treas. R.S. Vols. I. and II. 16m0. Half-a-Crown each, sewe i; 


| 16m0o. seweu ; 838. 6d. cloth: Part II. post 8vo. 7s cloth; and in 16m0. 8s. sewed, or 48. 
cloth. 


HUMPIIRETS.—SENTLUENTS & SIMILES OF SHAKSPEARE ; 

A Classified Selection of Similes, Definitions, Descriptions, and other remarkable Passages in 

| Shakspeare's l'lays and Poems With an elaborately illuminated border in the characteristic 

style of the Elizabethan Period, and other Eimbellishments. Bound in very massive carved 

and pierced covers containing in degp relief a medallion Head and Cypher. The Illumi- 

nations and Ornaments designed aud executed by Henry Noel Humpbreys. Square post 
| 8vo. One Guirea. 


‘ MRS. TAMESON’'S LEGENDS OF THE MONASTIC ORDERS, 


as represeuted in the Fine Arts. Containing St. Benedict and the Early Benedictines in 
Italy, France, Spain, and Flanders; the Benedictines in England and in Germany ; the 
Reformed Benedictines ; early Royal Saints connected with the Benedictine Order; the 
Augustines; Orders derived from the Augustine Rule ; the Mendicant Orders; the Jesuits; 
and the Order of the Visitation of St. Mary. Forming the SaconD Senres of Sacred and 
Legendary Art. With Eleven Etchings by the Author, and 81 Woodcuts. Square crown 8vo. 
28s. cloth. 


MRS. JAMESON’S SACRED AND LEGENDARF ART ; 
Or, Legends of the Saints and Martyrs. Finasr Sxnixs. Containing Legends of the Angels 
and Archangels ; the Evangelists and Apostles ; the Greek and Latin Fathers; the Magda- 
lene ; the Patron Saints; tle Virgin Patronesses ; the Martyrs ; the Bishops ; the Hermits; 
and the Warrior-Saints of Christendom. Second Edition, printed in One Volume for 
the convenience of Students and Travellers; with numerous Woodcuts, and Sixteen 
Etcbings by the Author. Square crown 8vo. 38. cloth. 


MRS. JAMESON’'S LEGENDS OF THE MADONNA, 


As represented in the Fine Arts. Formingthe THiro and conc/uding Senies of Sacred and 
Legendary Art. By Mrs. JAMEsON, Author of ‘“Characteristics of Women,”” &c. With 
Etchings by the Author, and Engravings on Wood. Square crown 8vo. [In the press. 


JEFFRET.— CONTRIBUTIONS TO TIIE EDINBURGH REVIEF. 


By Francis Juerrrey, late One of the Judges of the Court of Session in Scotland. 
Second Edition. 3 vols. 8vo. 42. cloth. 


BISIHOP JEREMF TAYLOR'S ENTIRE WORKS: 


With the Life by Bishop HkBer. Revised and corrected by the Rev. CHARLES PA08S 
EnEen, Fellow of Oriel College, Oxford. In Ten Volumes, Vols. II. to IX. Svo. price Half-a- 
Guinea each. 


*,* The First Volume ({ast in order of publication) will contain Bishop Heber’s Life of 
Jeremy Taylor, extended by the Editor.—Vol. X. is in the press. 


BISIIOP JEREMY TAYLOR-READINGS FOR EVERY DAY 


in LENT : compiled from the Writingsof BisxoPJRREMY TAYLOR. Bythe Author of‘ Amy 
Herbert,” “The Child's First History of Rome,” &c. Fcp. 8vo. 5s. cloth. 
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8s. 6d. each, cloth: or in post 8vo. 128. each, cloth.—Vol. 111. Part J. post 8vo.6s. cloth: or in 
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JOIINSTON.—A NEW DICTIONARY OF GEOGRAPHY, 
Lescriptive, Physical, Statistical, and Historical: forming a complete General (sazetteer of 
the World. By AL&;XANDER KEITH JOHNSTON, F.R.S.E. F.R.G.S. F.G.S. ; Geographer at 
Edinburgh in Ordinary to Her Majesty; Author of ‘ The Physical Atlas of Natural Phæno- 
mena.” In One Volume of 1,440 pages; comprising nearly Fifty Thousaud Names 
of Places. 8vo. 365. cloth ; or strongly half-bound in russia, with flexible back, price 418. 


! 
AEMBLE.—TILE SAXONS IN ENGLAND : 

a History of the Euglish Commonwealth till the period of the Norman Conquest. By Joux ! 
MircHaLL KkmMBLeE, M.A., F.C.P.S., &c. 2 vols. 8vo. 28s. cloth. 





KIRBY & SPENCE.—AN INTRODUCTION TO ENTOMOLOG F ; 
Or, Elements of the Natural History of Insects : comprising an account of noxious and useful 
Insects, of their Metamorphoses, Food, Stratagems, Habitations, Societies, Motions, Noises, 
Hybernation, fnstinct, &c. By W. Kiuby, M.A. F.R.S. & L.S. Rector of Barharm; and W. 
Srxnxcs, Esq. F.R.S. & L.S. New Edition. 2 vols. 8vo. with Pilates, 518. 6Gd. cloth. 


LAING.— NOTES ON THE POLITICAL AND SOCIAL STATE 
of DENMARK and the DUCHIEFS of HOLSTEIN and SLESWICK. By SAMUEL LAINO, 
Esq., Author of ‘“ Journal of a Residence in Norway,”’ ‘ A Tour in Sweden, ”” ‘* Notes of a 
Traveller,”” &c. 8vo. [In the press. 


LAING.—OBSERVATIONS ON TILE SOCIAL AND POLITICAL 


STATE of the EUROPEAN PEOPLE in 1818 and 1819: belng the Second Series of 
# Notes of a Traveller.” By Samuxz LAING, Esy. Author of ‘ À Journal of a Residence in 
Norway,’’ ‘ À Tour in Sweden,” the Trauslation of ‘“ The Heimskringla,”’ aud of ‘‘ Notes of 
a Traveller on the Social and Political State of France, Prussia, &c.”’ 8vo. 148. cloth. 


LARDNER.—THE GREAT EXIIIBITION € LONDON IN 1851, 


Reviewed by Dr. LARDNER, MICHEL CHEVALIER, JOHN LEMOINNE, and HECTOR BERLI0Z. 
8vo. [Nearly ready. 


LATHAM.—ON DISEASES OF THE HEART. 


Lectures on Subjects connected with Clinical Medicine; comprising Diseases of the Heart. 
By P. A. LATHAM, M. D., Physician Extraordinary to the Queen ; and late Physician to St. 
Bartholiomew’s Hospital. New Edition. 3 vols. 12m. 16s. cloth. 


LEE.—ELEMENTS OF NATURAL HISTORY ; 


Or, First Principles of Zoology. For the use of Schools and Young Persons. Comprising 

_ the Principles of Classificatiou interspersed with amusing and instructive original Accounts 
of the most remarkable Animals. By Mrs. R. LEs. New Edition, revised and eularged, 
with numerous additional Woodcuts. Fcp. 8vo. 7s. 6d. cloth. 


L. E. L.—THE POETICAL WORKS OF LETITIA ELIZABETH 


LANDON ; comprising the IMPROVISATRICE, the VENETIAN BRACELET, the GOLDEN 
VIOLET, the TROUBADOUR, and other Poetical Remains. New Édition, uniform with 
Moore’s Songs, Ballads, and Sacred Songs; with 2 Viguettes by Richard Doyie. 2 vois. 
16mo. 10s. cloth ; morocco, 21s. 


LETTERS ON HAPPINESS, ADDRESSED TO À FRIEND). 


By the Authoress of ‘ Letters to My Unknown Friends,” ‘ Twelve Years Ago, à Tale,” 
‘ Some Passages from Modern History,”” and “ Discipline.” Fcp. 8vo. 6s. cloth. 


LETTERS TO MY UNANOWN FRIENDS. 
By A Laov, Authoress of ‘ Letters on Happiness,” ‘“‘Twelve Years Ago,” ‘“ Discipline’? and 
6 rome Passages from Modern History.” 3d Edition. cp. 8vo. 6s. cloth. 
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NEW WORKS AND NEW EDITIONS | 


LARDNERS CABINET CYCLOPÆDTA. 
The Cabinet Cyclopædia of History, Biography, Literature, the Arts and Sciences, Natural 
History, and Manufactures. Comprising a Series of Original Works by Six Jonx Henscuez, 


Sir JAMES MackiNTOSH, ROBERT SOUTHKY,S1R DaAvip Brawarzn, THomAsSKEIGUuTLey, | 


Joun Fonsrsn, Sir WALTe Scorr, THomas Moons, Bishop TainLwaALL, the Rev. G. R. 


GLu:io, J. C. L. DE SismonNDi, Jon Paicrips, F.R.S. G.3, ani other eminent Writers. : 


132 vols. fcp. 8vo. with Vignette Titles. price Nineteen Guineas, cloth.—The works sepa- 
rately, in Sets or Series, price Three Sbiilings and Sixpence each Volume. 


The complete Series comprises the fullowing Works :— 


: 1, l'ell’s History of Russia...... 3 vols. 10s. 60. 
l 2, Bell’s Lives of British Poets..3 vols. 78. 
| 8. Brewster’s Optics ............ 1vol. 3s.6d. 


: 4. Cooley’s Maritime and Inland 
Discovery ................ 3 vols. 10s. Gi. 
8. Crowe’s History of France ..3 vols. 10s. 6d. 

, 6. De Morgan on Probabilities..1 vol. 38. 6d. 

| 7. De Sismondi’s History of the 

Italian Republics.......... 1vol. 3s.6d. 

‘8. De Sismondi's FalloftheRoman 

Empire........... css... 2 VOIS. 78. 

l y, Donuovan’s Cheinistry........ 1vol. 8s. 6d. 
10. Douovan'sDomestic Economy 2 vols. 7s. 
11. Dunham’s Spain & Portugal 5 vols. 17s. 6d. 

| 32. Dunhaw’sHistorÿof Denmark, 

Sweden, and Norway ...... 8 vols. 10s. Gu. 

13. Dunbatu’s Listory of l’olund..1 vol. 3s. 6d. 
14. Dunhain”’s Germanic Empire 3 vols. 10s. 6d. 

115. Dunham’s Europe during the 

Middle Ages .............. 4 vols. 145. 

| 16. Dunhauw’s British Dramatisis 2 vols, 75. 

17. Dunhanr’s Lives of Rarly Wri- 

| ters of Great Britain ...... lvol. B8s. 64. 

| 18. Fergus’s History of the United 

States .................... 2vols. 78. 
19. Fosbroke’s Greek and Roman 

Antiquities................ Avols. 7s. 
20. Forster’s Lives of the States- 


men of the Commonwealth 5 vols. 175. 6d. 


21. Gleig’s Lives of British Mili- 
tary Commanders ........ & vols. 10s. 6d. 

22. Grattau's Ilistory of the Ne- 
therlands ......... uso. 1vol. 3. 6Gd. 
‘ 23. Henslow’s Botany .......... lvol. 8. Gd. 
, 24. Herschel’s Astronomy ...... lvl.  3s. Gd. 

25. Herschel’s Discourse ou Na- 
| tural Philosophy lvol. 2.64. 

‘ 26. History of Rome ............ 2vols. 7s. 

: 27. History of Switzerland ...... vol. 3s. 6d. 

| 28. Holland’s Manufactures in 
Metal ................ .... 3 vols. 105. 6d. 

| 29. James’sLives of ForeignStates- 
MEN sn sososseeee 5 vols. 17s. Gd. 
30. Kater & Lardner’s Mechanics 1 vol.  Ss.6d. 
31. Keightley’s Outliues of Hist. 1 vol.  3s.6d. 
32. Lardner’s Arithmetic ..... Evol.  3s.6d. 
33. Lardner’s Geometry ......., Lvol. S3s.6ü. 


oo ——  ———— 


34. Lardner on Heat ............ lvol. 35.64. 
35. Lardner’s Hydrostatics and 

Pneumatics .............. Lvol. S3s. Gd. 
36. Lardner & Wulker’s Electricity 

and Magnetiem............ 2vols. 75. 
37. Mackintosh, Forster, and 

Courtenay’s Lives of British 

Statesmen ................ 7 vols. 24, 64. 
88. Mackintosh, Wallace, & Bell’s 

History of Eugland........ 10 vols. 35s. 
39. Montgomery aud Shelley’s 

Eminent Italian, Spacish, 

and Portuguese Authors....3 vols. 10. 6. 
40. Moore's History of Ireland..4 vols. 148. 


\ 


+1. Nicolas’s Chronology of Hist. 1 vol.  S3s. 6d. 
42. Phillips's Treatise on Geology,3 vols. 7s. 
43. Powell's H:story of Natural 

Philosophy ................ 1vol. Ss. 6d. 
4+. Porter’s Treatise on the Manu- 

facture of Silk ............ 1 vol. 38. 6d. 
45. Porter’s Maoufactures of 

Porcelain and Glass ...... Lvol. 38. Gd. 
46. Roscue's British Lawyers....1 vol. 38. 6d. 
47. Scott’s History of Scotland ..2 vols. 78. 
486. Sbelley’s Lives of. Hninent 

French Authors. .......... 2 vols. 73. 
49. Sbuckard & Swainson’s Insects, 1 vol. 38. 6d. 
50. Suuthey’s Lives of British Ad- 

mirals ...... ...,...... ...5 vois. 178. G. 
51. Stebbing’s Church History ..2 vols. 7s. 
52. Stebbing’s History ofthe Re. 

formation .... ........... 2vols. 7s. 
53. Swaioson’s Discourse on Na- 

tural History.............. 1vol. 33. Gd. 
54. Swainson’s Natural History & 

Classification of Animals ..1 vol. Se. 6d. 
55. Swainson’s Habits & Instincts 

of Animals ................ lvol. Ss. 6d. 
56. Swainson’s Birds ............ 2 vols. 7s. 
57. Swainson’s Fish, Reptiles, &c. 2 vols. 78. 
58. Swainson’'s Quadrupeds ...... l'vol. 8s. Gd. 
59. Swainson’s “hells & Shcll-fsh, 1 vol. 3s. 6d. 
60. Swainsou’s Animals in Mena- 

meries ..............cos.e lvol. 8s. éd. | 
61. Swuinsou’s Taxidermy and | 

Bibliography .............. vol. Se. 6d. 
62. Tbiriwall’'s Historv of Greece, 8 vols. uw. 

f 
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LINDLEY.—INTRODUCTION TO BOTANT. 


By J. LiNDLEY, Ph.D. F.RS. L.S. &c. Professor of Botany in University College, London. 
New Edition, with Corrections and copious Additions. 2 vols. 8vo. with Six Pilates and 
numerous Woodcuts, 245. cloth. 


LINDSAF.—OUR NAVIGATION AND MERCANTILE MARINE 


LAWS considered with a view to their general Revision and Consolidation; also, an Inquiry 
into the principal Maritime Institutions. By W. S. Linpsay. 8vo. 75. 6d. cloth. 


LIN OOD.—ANTHOLOGIA OXONTENSIS, | 


Sive Florilegium e lusibus poeticis diversoram Oxoniensium Græcis et Latinis decerptum. 
Curante GuLtELMo Linwoor, M.A. Ædis Christi Alummo. 8vo. 14. cloth. 


LITTON.—THE CHURCH OF CITRIST, 


In its Idea, Attributes, and Ministry: With a particular reference to the Controversy on the 
Sahject between Romanists and Protestants. Bythe Rev. EDWARD ARTHUR LiTTON, M.A., 
Perpetual Curate of Stockton Heath ; and Vice-Principal of St. Edmund Hall, Oxford. 8vo. 
168. cloth. 


# This volorre is written in particular reference to the rontroversy on the suliject narred in the title-page, which exists 
hetwren Romanists and Protestants....The antagnonisem of Rome is upheld by men of learning, and it requires to be met 
by men sirilarly quulified. As aid towards attaining auch qualification, Mr. Litton's work will be found of great use ; 
“ontainine, ns it dues, the resnit of much rrerarch, sud the fruits of wisdom, pirty, and earnentness. It will be foun 
dihe profitable to him who las nat the unity to inquire extensively—1o such as one it will spare murh trouhle— 
and to him who has searched widely and thought profoundiy ; this volume, presenting to su:h an inquirer and thinker «a 
wcrid of vaiuable matter, will refresh his memory and lend vigour to his thoughts."° Cauacn ap Srare GazserTrs. 


LORIMER.—LETTERS TO À TOUNG MASTER MARINER 


On some Subjects connected with his Calling. By the late CHARLES LORIMER. New Edi- 
tion. Fcp. 8vo. 5s. 6d. cloth. 


LOUDON.—TIHE AMATEUR GARDENERS CALENDAR : 


Being a Monthly Guide as to what should be avoided, as well as what should be done, in a 
Gardeu in each Month: with plain Rules Aot fo do what is requisite: Directions for Laying 
Out and Planting Kitchen and Flower Gardens, Pleasure Grounds, and Shrubberies; and a 
short Account, in each Montb, of the Quadruperls, Birds, and Insects then most injurious to 
Gardens. By Mrs. Louæox. 16mo.with Wood Engravings, 7s. 6d. cloth. 


LOUDON.-—THE LADY’'S COUNTRY COMPANTON ; 
Or, How to Enjoy a Country Lite Rationally. By Mrs. Loupox, Author of ‘‘ Gardening for 
Ladies,”’ &c. New Edition; with Plate and Wood Engravings. Fcp. 8vo. 75. 6d. clath. 


LOUDON’S SELF-INSTRUCTION FOR YOUNG GARDENERS, 


Foresters, Bailiffs, Land Stewards, and Fsrmers; in Arithmetic, Book-kecping, Geometry, 
Mensuration, Practical Trigonometry, Mechanics, Land-Surveying, Levelling, Planning and 
Mapping, Architectural Drawing, and Isometrical Projection and Perspective ; with Examples 
shewing their applications to Horticulture and Agricultural Purposes. With a Portrait of 
Mr. Loudon, and a Memoir by Mrs. Loudon. 8vo. with Woodcuts, 75. Gd. cl'oth. 


LOUDON’S ENCICLOPÆDIA OF GARDENTNG ; 


Comprisinz the Theory and Practice of Horticulture, Floriculture, Arhoriculture, and Land- 
scape Gardening : including all the latest improvements; a General History of Gardening in 
all Countries; and a Statistical View of its Present State: with Suggestions for its Future 
Progress in the British Isles. lilustrated with many hundred Engravings on Wood by 
Branston. New Edition, corrected and improved by Mrs. Loupon. 8vo. 50s. cloth. 


LOUDON’S ENCYCLOPÆDIA OF TREES AND SITRUBS : 


being the Arborctum et Frulicrium Britannicum ahridged: containing the Hardy Trees 
and Shrubs of Great Britain, Native and Foreign, Scientifically and Popularly Described : 
with their Propagation, Culture, and Uses in the Arts; and with Engravings of nearly all 
the Species. Adapted for the nse of Nurserymen, Gardeners, and Foresters. With about 
2,000 Engravings on Wood. 8vo. #2. 108. cioth. 
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LOUDON?S ENCYCLOPÆDIA OF AGRICULTURE : 
Comprising the Theory and Practice of the Valuation, Transfer, Laying-out, Improvement, 
and Management of Landed Property, and of the Cultivation and Economy of the Animal and 
Vegetable productions of Agriculture: including all the latest Improvements, a general History 
of Agriculture in all Countries, a Statistical View of its present State, with Suggestions for 
its future progress in the British Isles. New Edition; with upwards of 1,100 Engravings on 
Wood. 8vo. #2. 105. cloth. 


LO UDON?S ENCYCLOPÆDIA OF PLANTS ; 
Including ail the Plants wbich are now found in, or have been introduced into, Great Britain ; 
giving their Natural History, accompanied by such descriptions, engraved figures, and 
elementary details, as may enable a beginner, who is a mere English reader, to discover the 
name of every Plant which he may find in flower, and acquire all the information respecting 
it which is useful and interesting. The Specific Characters by an Eminent Botanist: the 
Drawings by J. D. C. Sowerby. New Edition, corrected throughout, and bronght down to 
the year 1852, by Mrs. LouDon. [Zn the press. 


LOUDON’'S ENCYCLOPÆDIA OF COTTAGE, FARM, AND 
VILLA ARCHITECTURE and FURNITURE; containing numerous Designs, from the Villa 
to the Cottage and the Farm, including Farm Houses, Farmeries, and other Agricultural 
Buildings ; Country Inns. Public Houses, anti Parochial Schools; with the requisite Fittings- 
up, Fixtures, and Furniture, and appropriate Offices, Gardens, and Gaiden Scenery: each 
Design accompanied by Analytical and Critical Remarks. New Edition, edited by Mrs. 
LouDpon. With more than 2,000 Engravings on Wood. 8vo. #3. 3s. cloth. 


LOUDON’'S HORTUS BRITANNICUS : 
Or, Catalogue of all the Plants indigenous to, cultivated in, or introduced into Britain. An 
entirely New Edition, corrected throughout : With a Supplement, including all the New 
Plants, and a New General Index to the whole Work. Edited by Mrs. LouDon ; assisted by 
VW. H. BAxXTER, and DAviD WOOSTE®R. 8vo. 318. Gd. cloth. 


SUPPLEMENT, including all the Plants introdfced into Britain, all the newly-discovered 
British Species, and all the kinds originateil in British Gardens, up to March 1850. With 
a New General Index to the whole Work. By W. H. Baxrer and D. WoosTer, under 
the direction of Mrs. LouDpox. 8vo. 148. cloth. | 


LOW.—ELEMENTS OF PRACTICAI AGRICULTURE : 
Comprehending the Cultivation of l’lants, the Husbandry of the Domestic Animals, andthe 
Economy of the Farm. By D. Low, Esq. F.R.S.E. New Edition, with Alterations and Addi- 
tions, and an entirely new set of above 200 Woodcuts. 8vo. 21s. cloth. 


LOW.—ON LANDED PROPERTF, 
And the ECONOMY of ESTATES; comprehending the Relation of Landlord and Tenant, 
and the Principles and Forms of Leases; Farm-Buildings, Rnclosures, Drains, Embank- 
ments, and other Rural Works; Minerals; and Woods. By Davin Low, Esq. F.R.2.E. 
8vo. with numerous Wood Engravings, 21s. cloth. 


MACAULAY.—THE IISTORY OF ENGLAND FROM THE 
ACCESSION OF JAMES II. By THOMAS BABINOTON MACAULAY. New Edition. 
Vols. 1. and II. 8vo. 33s. cloth. 


MACAUTAY.—CRITICAL AND IISTORICAL ESSATS CON- 
TRIBUTED to The EDINBURGH REVIEW. By Thomas BABINGTON MACAULAT. 
New Edition, complete in One Volume; with Portrait by E. U. Eddis, engraved in line by 
W. Greatbach, and Vignette. Square crown 8vo. 218. cloth; 30. calf extra by Hayday.—Or 
n 3 vols. 8vo. 8%s. cloth. 
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MACAULAY.—LAYS OF ANCIENT ROIE : 


With Ivay and THE AnmADA. By THomas BABINGTON MACAULAY. New Editio:. 
16mo. 4#s. 6d. cloth ; or 10s. 6d. bound in morocco by Hayday. 


MR. MACAULAY’'S LAYS OF ANCIENT ROME. 


With numerous Illustrations, Original and from the Antique, drawn on Wood by George 
Scharf, Jun. and engraved by Samuel Williams. New Edition. Fcp. 4to. 218. boards ; 
or 42s. bound in morocco by Hayday. 


MACDONALD.—FILLA FEROCCHIO ; 


Or, the YOUTH of LEONARDO DA VINCI: a Tale. By the late DranA Loutsa Mac- 
DONALD. Fcp. 8vo. 6s. cloth. 


MACKAY-—TIIE SCENERY & POETRY OF THE ENGLISH 


LAKES : À Summer Ramble. By CHAuLes Macway, Esq. LL. D., Author of ‘ The Salaman- 
drine,”” &c. Witb beautiful Wood Engravings from Original Sketches. À New and cheaper 
Edition, with additional Illustrat ons. Post 8vo. 78. 6d. cloth. 


MACKINTOSH.—SIR JAMES MACKINTOSH’S MISCELLA- 


NEOUS WORKS ; including his Contributions to The EDINBURGH REVIEW. A New 
Edition, complete in One Volume; with Portrait engraved in line by W, Greatbach, 
and Vignette. Square crown 8vo. 21s. cloth; or 508. calf extra by Hayday. 


M'CULLOCH.—A TREATISE ON THE CIRCUMSTANCES 


which DETERMINE the RATE of WAGES and the CONDITION of the LABOURING 
CLASSES. By J. R. M‘CuzLocH, Ésq. Fcp. 8vo 3s. 6d. cloth. 


MCULLOCH.—A DICTIONARY, PRACTICAL, THEORETICAL, 


AND HISTORICAL, OF COMMERCE AND COMMERCIAL NAVIGATION. Illus- 
trated with Maps and Plans. By J. R. M‘CuLLocH, Esq. New Edition (1851), corrected, 
enlarged, and improved: Including a New Supplement. 8vo. 50s. cloth ; or 558. half: bound 
in russia with flexible back. 


*,* The New SUPPLEMENT may be had separately, price 4s. 6d. seed. 


MCULLOCII—A DICTIONARY, GEOGRAPITICAL, STATIS- 


TICAL, AND HISTORICAL, of the various Countries, Places, and Principal Natural Objects 
in the WORLD. By J. R. M‘CuzLocn, Esq. Iilustrated with 6 lurge Maps. New Edition, 
corrected, and in part re-written ; with a Supplement. 2 vols. 8vo. 633. cloth. 


MCULLOCIH.—--AN ACCOUNT, DESCRIPTIVE AND STATIS- 


TICAL, of the BRITISH EMPIRE ; exbhibiting its Kxtent, Physical Capacities, Population, 
Industry, and Civil and Religious Institutions. By J. R. M‘CucLocn, Esy. New Edition, 
corrected, enlarged, and greatly improved 93 thick vols. 8vo. 42. clotb. 


MCULLOCIL—A TREATISE ON THE PRINCIPLES AND 


PRACTICAL INFLUENCE of TAXATION and the FUNDING SYSTEM. By J. R. 
M‘CuzLocx, Esq. Second Edition (1852), corrected, enlarged, and improved. Svo. 168. 
cloth. 


+ MAITLAND.—THE CHURCH IN THE CAT1COMLBS: 


A Description of the Primitive Church of Rome. Illustrated by its Sepulchral Remains. By 
CuHanzes MaiTiann. New Edition, corrected; with numerous Wood-cuts. 8vo. 14s. 
clotk. 
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MARCET.—CONFERSATIONS ON CHEMISTR F ; 


In which the Elements of that Science are familierly Explained and Illustrated by Experiments, 
By JAN= Marcer. New Edition, enlarged and improved. 3 vols. fcp. 8vo. 14s. clotb. 


MARCET.—CONFERSATIONS ON NATURAL PHILOSOPH}; 


In which the Elements of that Science are familiarly explained. By Jane Mancer. New 
Edition, enlarged and corrected. Fcp. 8vo. with 23 Plates, 105. 6d. cloth. 


MARCET.—CON FERSATIONS ON POLITICAL ECONOMY ; 


In which the Klements of that Science are familiarly explained. By Jane Mancar. New 
Edition revised and enlarged. Fcp. 8vo. 7s. 6d. cloth. 


MARCET. — CONTERSATIONS ON VFEGETABLE PHYSIOLOG?; 


comprehending the Flements of Botany, with their application to Agriculture. Br 
JANE MarceT. New Edition. Fcp. 8vo. with 4 Plates, 9. cloth. 


MARCET.—CONFERSATIONS ON LAND AND WATER. 


By JANE MARCœCET. New Edition, revised and corrected. With a coloured Map, shewing 
the comparative altitude of Mountains. Fcp. 8vo. 5s. 6d. cloth. 


MARRFAT.—MASTERMAN READY ; 
Or, the Wreck of the Pacific. Written for Young People. By Captain F. Mannvar, C.B, 
Author of ‘‘ Peter Simple,” &c. A New Kdition, complete in Two Volumes; with numerous 
Woo! Engravings. 2 vols. fcp. 8vo. 125. cloth. 


MARRYAT—THE MISSION ; 
Ur, Scenes in Africa. Written for Young Penple. By Captain F. ManryarT, C.B. Author of 
“ Masterman Ready,” &c. 2 vols. fcp. 8vo. 12s. cloth. 


MARRYAT.— THE PRIVATEERS-MAN ONE HUNDRED 


YEARS AGO. Ry Captain F. MARRYAT, C.B. Author of ‘ Masterman Ready,” &c. 9 vois: 
fcp. 8vo. 12s. cloth. 


MARRYAT.—THE SETTLERS IN CANADA. 


Written for Young People. By Captain F. MaARRYAT, C.B. Author of ‘“ Masterman Ready,” 
&c. New Edition. Fep. 8vo. with 2 Illustrations, 78. 6d. cloth. 


MAUNDER.—TNE BIOGRAPHICAL TREASURF ; 


Consisting of Memoirs, Sketches, and brief Notices of above 13,000 Eminent Persons of all Ages 
and Nations, from the Earliest Period of History; forming a new apd complete Dictionary 
of Universal Biography. By SAMUEL MAUNDER. A New and carefully-revised Kdition, 
corrected throughout, and extended by the introduction of numerous additional Lives. Fcep. 
8vo. 108. cloth ; bound in roan, 12s. 


MAUNDER.—TIIE TREASURY OF HISTORY ; 


Comprising a General Introductory Outline of Universal History, Ancient and Modern, and a 
Series of separate Histories of every principal Nation that exists; their Rise, Progress, and 
Present Condition, the Moral and Social Character of their respective inhabitants, their 
Religion, Manners and Customs, &c. BySamuez MAUNDER. New Kdition. Fep. 8vo. 108 
cloth; bound in roan, 128. 
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MAUNDER.—TIIE SCIENTIFIC & LITERARY TREASURY ; 


A new and popular Encyclopædia of Science and the Belles-Lettres ; including all Branches of 
Science, and every Subject connected with Literature and Art. The whole written in a familiar 
style, adapted to the comprehension of all persons desirous of acquiring information on the 
subjects comprised in the work, and also adapted for a Manual of convenient Reference to the 
more instructed. By S. Maunpan. New Edition. Fcp. 8vo. 10s.cloth; bound in roan, 125. 


MAUNDER.—THE TREASURY OF NATURAL HISTOR?F ; 


Or, a Popular Dictiouary of Animated Nature : in which the Zoological Characteristics that 
distinguish the different Classes, Genera, and Species are combined with a variety of interest- 
ing Information illustrative of the Habits, Instincts, and General Economy of the Animal 
Kingdom. To which are added, a Syllabus of Practical Taxidermy, and a Glossarial 
Appendix. ÆEmbellished with 900 accurate Engravings on Wood, from Drawings made 
expressly for this work. By SAMUEL Maunpen. New Edition. Fcp. 8vo. 10s. cloth ; 
bound in roan, 124. 


MAUNDER.—THE TREASURY OF XNOWLEDGE, 


And LIBRARY of REFERENCE. Comprising an English Grammar; Tables of English 
Verbal Distinctions ; Proverbs, Terms, and Phrases, in Latin, Spanish, French, and Italian, 
translated; New and Enlarged English Dictionary; Directions for Pronunciation; New 
Universal Gatetteer; Tables of Population and Statistics; List of Cities, Boroughs, and 
Market Towns in the United Kingdom; Regulations of the General Post Office; List of Foreign 
Animal, Vegetable, and Mineral Productions; Compendious Classical Dictionary ; Scripture 
Proper Names accented, and Christian Names of Men and Women: with Latin Maxims 
translated ; List of Abbreviations ; Chronology and History; compendious Law Dictiohary ; 
Abstract of Tax Acts; Interest and other Tables; Forms of Kpistolary Address; Tables of 
Precedency; Synopsis of the British Peerage ; and Tables of Number, Money, Weights, and 
Measures. By SANUEL MauNDER. New Édition, revised throughout, and greatly enlarged. 
Fcp. 8vo. 10s. cloth ; bound in roan, 12s. 


MERIVALE.—A IISTORY OF TILE ROMANS UNDER THE 


EMPIRE. By the Rev. CHAnzes MKRivazzr, B.D., late Fellow and Tutor of St. 
John's College, Cambridge. Vols. I. and II. 8vo. 28. cloth. 


Tue THIRD VOLUME ; Completing the History to the FEstablishment of the Monarchy 
by Augustus. 8vo. 148. cloth. 


JAMES MONTGOMERY’S POETICAL WORKS. 


With some additional Poems, and the Author’s Autobiographical Prefaces. A New Edition, 
complete in One Volume ; with Portrait and Vignette. Square crown 8vo. 108. 6d. cloth ; 
morocco, 21s.—0Or, in 4 vols. fcp. 8vo. with l’ortrait, and Seven other Pilates, 205. cloth; 
morocco, 368. 


MOORE.-— HEALTH, DISEASE, AND REMEDY, 


Familiarly and practically considered in a few of their relations to the Blood. By Gxonoz 
Moon, M.D. Member of the Royal Collegeof Physicians. Post 8vo. 7s. 6d. cloth. 


MOORE.—MAN AND HIS MOTIFVES. 
By Gronox Moore, M.D., Mewber of the Royal College of Physicians. New Edition. 
Post 8vo. 8s. cloth. 


MOORE.—TILE POWER OF THE SOUL OFER THE BODY, 


Considered in relation to Health and Morals. By Gronce Moonz, M.D. Member of the 
Royal College of Physicians. New Edition. Post 8vo. 7s. 6d. cloth. 


MOORE.—TLE USE OF THE BODY IN RELATION TO THE 
MIND. By Grorcz Moonz, M.D. Member of the Royal College of Physicians. New 
Edition. Post 8vo. 9s. cloth. 
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THOMAS MOORE’S POETICAL WORKS; 
Containing the Author’s recent Introduction and Notes. Complete in One Volume, unifore 
with Lord Byron’s and Southey’s Poems. Witb a Portrait by George Richmond, engraved 
in Iine, and a View of Sloperton Cottage. Medium 8vo. 215. cloth; morocco by Hayday, 428. 
—Or, in 10 vols. fep. 8vo. with Portrait, and 19 Pilates, #2. 10s. cloth; morocco, #4. 10s. 


MOORE.—SONGS, BALLADS, AND SACRED SONGS. 
By Thomas Moore, Author of “Lalla Rookh,”” ‘Irish Melodies,”” &c. First coflected 
Fdition, uniform with the smailer Edition of Mr. Macaulay’s Lays of Ancient Rome with 
Vignette by R. Doyle. 16mo. 5s. cloth; 12s. 6d. smooth morocco, by Hayday. 


MOORE'S IRISH MELODIES. 
New Edition, uniform with the smaller Edition of Mr. Macaulay’s Lays @ Ancient 
Rome. With the Autobiographical Preface from the Collective Edition of Mr. Moore’s 
Poetical ‘Works, and a Vignette Title by D. Maclise, R.A. 16mo. 5s. cloth ; 12s. 6d. smooth 
morocco, by Hayday.—Or, with Vignette Title by K. Corbould, fcp. 8vo. 10s. cloth ; bound 
in morocco, 18s. 6d. 


MOORE’S IRISH MELODIES. 


Illustrated by D. MacLise, R.A. New and Cheaper Edition ; with 161 Designs, and the 
whole ofthe Letterpress engraved on Steel, by F. P. Becker. Super-royal 8vo. S1s. 6d.; 
bound in morocco by Hayday, #2. 128. Gd. 


*,* The Original Edition, Î{n imperial 8vo, price 63s. boards ; morocco, by Hayday, 


New Edition, uniform with the smaller Edition of Mr. Macaulay’s Lays of Ancient Rome. 
With the Autobiographical Preface from the Collective Edition of Mr. Moore’s Poetical 
Works, and a Vignette Title by D. Maclise, R.A. 16mo. 5s. cloth ; 12s. 6d. smooth morocco, 
by Hayday.—Or, in fcp. 8vo. with Four Engravings from Paintings by Westal}, 10s. 6d. cloth; 
bound in morocco, 145. 


MOOREL’S LALLA ROOKH: AN ORIENTAL ROMANCE. 


With 18 highly-finished Steel Plates from Designs by Corbould, Meadows, and Stephanof, 
engraved under the superintendence of the late Charles Heath. New Edition, uniform ia 
size with Thomson's Seasons and Goldsmith's Poems illustrated by the Etckirg Ciub. Square 
crown 8vo. 15s. cloth ; morocco, 288. 


*,* À few copies of the Original Edition, in royal 8vo. price One Guinea, still remain. 


MOSELEFT.—TIIE MECITIANICAL PRINCIPLES OF ENGI 


NEERING AND ARCHITECTURE. Bythe Rev. H. MoseLzy, M.A., F.R.S., Professor of 
Natural Philosophy and Astronomy in King’s College, London. 8vo. with Woodcuts and 
Diagrams, 2+s. clotin 


MOSELEY.—ILLUSTRATIONS OF PRACTICAL MECHANICS. 


By the Rev. H. Moseczy, M.A., Professor of Natural Philosophy and Astronomy in King's 
College, London. New Edition. Fcp. 8vo. with numerous Woodcuts, 8s. cloth. 


MOSITEIWS ECCLESTASTICAL IISTOR?F, 


Ancient and Modern. Translated, with copious Notes, by JAMES Munapocx, D.D. New 
Edition, revised, and continued to the Present Time, by the Rev. Henny So4Auxs, MA. 
4 vols. 8vo. 48s. cloth. 


| 
#4. 148. Gd. ; proofs, #6. 6s. boards, — may still be had. 
MOORE’'S LALLA ROOKH: AN ORIENTAL ROMANCE. 
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MURE.—A CRITICAL HISTORY OF THE LANGUAGE AND 


LITERATURE OF ANCIENT GREECE. By Wu. Mure, M.P., of Caldwell 8 vols. 8vo. 
86. cloth. 


MURRAY.—ENCTCLOPÆDIA OF GEOGRAPHP ; 


Comprising a complete Description of the Earth: exhibiting its Relation to the Heavenly 
Bodies, its Physical Structure, the Natural History of each Country, and the Industry, 
Commerce, Political Institutions, and Civil and Social State of all Nations. By Huou 
Munsay, F.R.S.F. : assisted by other Writers of eminence. Second Edition ; with 83 Maps, 
and upwards of 1,000 other Woodcuts, 8vo. #3, cloth. 


NEALE.—THE RICHES THAT BRING NO SORROW. 


By tbe Rev. Ensxins NEALE, M.A., Rector of Kirton, Suffolk; Author of ‘The Closing 
Scene,” &c. Fcp. 8vo. 6s. cloth. 

#4 The excellent object of this little work is to nhew low worthless riches are as a means even of temporal bappiness, 
when not used by their possessor as a trustee only for the good nf his noorer and less fortunate brethren. This moral is 
worked out by strong contrasting sketches, such as Wond, of Gluurester, as contraated with Hetberrington, the blind man's 
hope ; Lord Hertford, the sensualist, and Bryan Hilundell, the friend of the merchant sreamen at FEdiverpool: Morran 
Jones, tie miser curate of Llandovery, and Bancroft, the benefactor of tlie aged. The wurk is replete with curious and 
instructive anecdotes, and is as pleasant Lo read as prufitable to think on.'” BxiTaxnia. 


NEALE.—TITE EARTHLY RESTING PLACES OF TIIE JUST. 


By the Rev. EnsxiNe Nam, M.A., Rector of Kirton, Suffolk; Author of “ The Closing 
Scene,”’ &c. With Wood Engravings. cp. 8vo. 7s. cloth. 


NEALE.—TIE CLOSING SCENF ; 


Or, Christianitv and Infidelity contrasted in tie Last Hours of Remarkable Persons. By 
the Rev. ERsRINE NEALE, A.A., Rector of Kirton, Suffolk. New Editions of the First and 
Becond Series. 2 vols. fcp. 8vo. 12s. cloth ; or separately, Gs. each. 


NEWMAN.—DISCOURSES ADDRESSED TO MIXED CON- 


GREGATIONS. By Jonx HExRyY Nm AN, Priest of the Oratory of St. Philip Neri. 
Second Edition. 8vo. 12s. cloth. 


LIEUTENANT OSBORN’S ARCTIC JOURNAL. 


Stray Leaves from an Arctic Journal. By Lieut SHznARD OssoRn, KR.N., Commanding 
H.M.8.V. Pioneer in the late Kxpedition, 1850-51, under Capt. Austin, to rescue Sir John 
Franklin. With Map and Four coloured Pilates. Post 8vo. [Nearly ready. 


OWEN JONES.—WINGED THOUGHTS : 


A Series of Poems. By Many AxNE Bacon. With Illustrations of Birds, designed by 
E. L. Bateman, and executed in Illuminated Printing by Owen Jones. Uniform with Flowers 
and their Kindred Thoughts and Fruits from the Garden and the Field. Imperial Svo. 
31s. 6d. elegantiy bound in caif. 


OWEN  JONES. — FLOWERS AND  TILEIR KINDRED 


THOUGHTS: A Series of Stanzas. By Many ANN& Bacon, Authoress of ‘“ Winged 
Thoughts.”” With beautiful Illustrations of Flowers, designed aud printed in Colours by 
Owen Jones. Uniform with Fruits from the Garden and the Field. Imperial 8vo. 31s. 6d. 
elegantiy bound in calf. 


OWEN JONES.— FRUITS FROM THE GARDEN AND THE 


FIELD. 4 Series of Stanzas. By Many AnxB Bacon, Authoress of ‘ Winged Thoughts.” 
With beautiful Illustrations of Fruit, designed and printed in Colours by Owen Jones. 
Uniform with Flowers and their Kindred Thoughts. Imperial 8vo. 31s. 6d. elegantiy bound 
in calf. 
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OWEN.—LECTURES ON TIIE COMPARATIVE ANATOMF 
and PHYSIOLOGY of the INVERTEBRATE ANIMALS, delivered at the Royal College 
of Surgeons in 1843. By RICHARD OWwEN, F.R.S. Hunterian Professor to the College. New 
Edition, corrected. 8vo. with Wood Engravings. [Neeriy read. 


OWEN. — LECTURES ON TILE COMPARATIVE ANATOMY 
and PHYSIOLOGY of the VERTEBRATE ANIMALS, delivered at the Royal College of 
Surgeons in 1844 and 1846. By RicuARD OW&N, F.R.S. Hunterian Professor to the College. 
In3 vols. The First Volume; with numerous Woodcuts, 8vo. 148. cloth. 


PASCALS ENTIRE WORKS, TRANSLATED BY PEARCE. 
The COMPLETE WORKS of BLAISE PASCAL: With M. Villemain’s Essay on Pascal con- 
sidered as a Writer and Moralist prefixed to the Prorincial Letters; and the Miscellaneous 
Writings, Thoughts on Religion, and Evidences of Christianity re-arranged, with large 
Additions, from the French Edition of Mons. P. Faugère. Newly Transiated from the French, 
with Memoir, Introductions to the various Works, Editorial Notes, and Appendices, by 
Gzorax Pearce, Esq. 3 vols. post 8vo. with Portrait, 258. 6d. cioth. 


*,* The Three Volumes may be had separalely, as follows: — 


Vol. I. PASCAL’3 PROVINCIAL LETTERS : with M. Villemain’s Rssay on Pascal pre- 
fixed, andauew Memoir. Post 8vo. Portrait, 8s. 6d. 


Vol. JI.—PASCAL’S THOUGIITS on RELIGION and EVIDENCRES of CHRISTIANITY, 
with Additions, from Original MSS. : from M. Faugère's Edition. Post Svo. 8s. 6d. 


Vol. III.—PASCAL’S MISCELLANEOUS WRITINGS, Correspondence, Detached Thoughts, 
&c. : from M. Faugère’s Edition. lost 8vo. &s. 6d. 


PASILEY.—PAUPERISM AND POOR-LAWS. 


By RoBErT PasHLuy, M.A., F.C.P.S., One of Her Majesty’s Counsel, and late Fellow of 
Trinity College, Cambridge; Author of ‘ Travels in Crete.” 8vo. Half-a-Guinea, cloth. 


PEREIRA—A TREATISE ON FOOD AND DIET: 
With Observations on the Dictetical Regimen suitcd for Disordered States of the Digestive 
Organs; aud an Account of the Dietaries of sonrue of the principal Metropolitan and other 
Establishments for l’aupers, Lunatics, Criminals, Children, the Sick, &c. By Jon. Penuina, 
M.D. F.R.S. & L.S. Author of ‘ Elements of Materia Medica.”’ 8vo. 16s. cloth. 


PESCHEL.—ELEMENTS OF PITFSICS. 
By C. F. PESCHEL, Principal of the Royal Military College, Dresden. Transiated from the 
German, with Notes,by E. West. With Diagrams and Woodcuts. 3 vols. fcp. 8vo. 21s. cloth. 


Part 1. The l'hysics af Ponderable Bodies. Fcp. 8vo. 7s. 6d. cloth. 
Separately. Part 2. Impunderable Bodies (Light, Heat, Magnetism, Electricity, and 
Électro-Dynamics). 2 vols. fcp. 8vo. 135. 6d. cloth. 


PHILLIPS—FIGURES AND DESCRIPTIONS OF THE PALÆ- 
OZOIC FOSSILS of CORNWALL, DEVON, and WEST SOMERSRET; observed in 
the course of the Ordnance Geological Survey of that District. By Jonn PaiLczrrs, FRS 
F.G.S. &c. Published by Order of the Lords Commissioners of H.M. Treasury. 8vo. witb 
60 Plates, comprising very numerous figures, 9s. cloth. 


PORTLOCK.— REPORT ON THE GEOLOGY OF THE,COUNTT 


of LONDONDERRY, and of Parts of Tyrone and Fermanagh, examined and described ander 
the Authority of the Master-General and Board of Ordnance. By J. E. PonrLoce, FRA 
&c. 8vo. with 48 Plates, 248. clotb. 
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POWER.—SKETCITES IN NEW ZEALAND, 
with Pen and Peucil. By W. TYxRoNE Power, D.A.C.G. From a Journal kept in that 


Country, from July 1846 to June 1848. With 8 Plates and 2 Woodcuts, from Drawings made 
on tbe spot. Post 8vo. 12s. cloth. 


PULMAN. — THE FVFADE-MECUM OF FLY-FISHING FOR 


TROUT : being a complete Practical Treatise on that Branch of the Art of Angling ; with plain 
and copious Instructions for the Manufacture of Artificial Flies. By G. P. R. PuLMAN, Author 
of ‘The Book of the Axe.” Third Edition, re-written and grenatly enlarged ; with several 
Woodcuts. Fcp. 8vo. 6s. cloth. 


PYCROFT.—A COURSE OF ENGLISH READING, 


Adapted to every Taste and Capacity: with Literary Anecdotes. By the Rev. JAMES 
PycauorT, B.A. Author of “The Collezian’s Guide,” &c. New Edition. Fcp. 8vo. 5s. cloth. 


DR. REECES MEDICAL GUILDE ; 
For the Use of the Clergy, Heads of Families, Schools, and Junior Medical Practitioners : 
comprising a complete àludern Dispensatory, and a Practical Treatise on the distinguisbing 
Symptoms, Causes, Prevention, Cure, and Puiliation of the Diseases incident to the Human 
Frame. Withthelatest Discoveries in the different departments of the Healing Art, Materia 
Medica, &c. Seventeenth Edition, with considerable Additions; revised and corrected 
by the Author's Son, Dr. HEznay Rerce, M.R.C.S. &c. 8vo. 125. cioth. 


RICII.—TIE ILLUSTRATED COMPANION TO TILE LATIN 


DICTIONARY AND GREEK LEXICON : forming a Glossary of ail the Words representing 
Visible Objects connected with the Arts, Manufactures, and Every-day Life of the Ancients. 
With Representations of nearly Two Thousaud Objects from the Antique. By ANTHONY 
RicH, Jun. B.A. late of Caius College, Cambridge. Post 8vo. with about 2,000 Woodcuts, 
215. cloth. 


ARCTIC SEARCILING EXPEDITION.—A JOURNAL OF A 
Boat Voyage through Rupert’s Land and the Arctic Sea, in Search of the Discovery Ships 
under Command of Sir John Franklin. With an Appendix on the Physical Geography of 
North America. By Sir Jon RICHARDSON, M.D., F.R.S., &c., Inspectur of Hospitals and 
Fleets. Published by Authority of the Admiralty. With a coloured Map, several Piates 
printed in Colours, and Woodcuts. 2 vols. 8vo. 318. 6d. cloth. 

# Valuah'e alike to the scient.fic student or the future wanderer over these wild plains, and the lonely ættler whom 

Furopean #nterprise mag locate among these far distant tribes. Itis a book to study rather than to read: and yet s0 


attractivein it. style, and so instructive in its collation of facts, that many will be led to its study as «a work of science 
whilat mer ly engaged in its perusal as a bouk of travels." BaiTAn»rA. 


RIDDLE. — 4 COPIOUS AND CRITICAL LATIN-ENGLISH 


LEXICON, founded on the Gerinan-Latin Dictionaries of Dr. William Freund. By the Rer. 
J. E. Rivpzr, M.A.of St. Fdmund's (Hall, Oxford. Uuiform with Yonge's English Greek 
Lexicon. New Edition. Post 4to. #2. 10s. cloth. 


RIDLDLE.—A COMPLETE LATIN-ENGLISI AND ENGLISH. 
LATIN DICTIONARY, for the use of Collegesand Schools. By the Rev. J.E. RippLe, M.A, 
of St. Edmund Hall, Oxford. New Edition, reviseu and corrected. 8%o. 31s. 6d. cloth. 


The English-Latin Dictionary, 108. 6d. cloth. 
Separately ÿThe Latin-English Dictionary, 213. cloth. 


RIDDLE. — A DIAMOND LATIN-ENGLISITI DICTIONARF. 
For the Waistcoat-pocket. A Guide to the Meaning, Quality, and right Accentuation of 
Latin Classical Words. By the Rev. J.E. Rippze, M.A. New Edition. Royal 32mo. 
48. bound. 
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RIDDLE AND FREUNL'S NEW LATIN DICTIONARY. 


A Copious Latin-English Dictionary ; Founded on Andrews’s Translation of Freund’s larger 
Latin-Germau Dictionary : With Improvements and Additions. By the Rev. J. E. Rips, 
M.A., and Dr. W. FREUND. [In preparation. 


*,* The American Latin-English Dictionary by Dr. Andrews is a tran:lation of the Latin Dic- 
tionary of Dr. Freand, who is now resident in London, and is occupied, in conjunction with 
Mr. Riddle, in making a thorougbh revision of his valuable work, with important additions, in 
order fully to meet the wants of our colleges and schools, and to give to our more mature 
acholars those aids which they are entitled to receive in the present advanced stage of philo- 
logical research. Eighteen years have elapsed since Dr. Freund published a large portion of 
the Dictionary which Dr. Andrews has transiated. During a great part of that interval, Dr. 
Freund has been actively engaged in preparing a second edition of his elaborate work, which 
will shortly be published in Germany ; and in the course of this undertaking, he has employed 
materials of which, to say the least, no use has been made by Dr. Andrews. The present work 
will therefore present to the English student extensive results of modern criticism, which have 
not hitherto been collected in any single volume. 


RIVERS.—TIIE ROSE-AMATEUR'S GUIDE:; 


Containing ample Descriptions of all the fine leading varieties of Roses, regulariy ciessed in 
their respective Families ; their History and mode of Culture. By T. Rivæns, Jun, New 
Edition, corrected and improved. Fcp. 8vo. 6s. clotb. 


ROBINSON’S LEXICON TO THE GREEK TESTAMENT. 


A GREEK and ENGLISH LEXICON of the NEW TESTAMENT. By Epwanp Roninson, 
D.D., LL.D., Professor of Biblical Literature in the Union Theological Seminary, New Yori; 
Author ot ‘“ Biblical Researches in Palestine,” &c. A New Edition, revised and in great 
part re-written. 8vo. 188. cloth. 


ROGERS.—ESSAYS SELECTED FROM CONTRIBUTIONS TO 


the EDINBURGH REVIEW. By Henry Rocans. 2 vols. 8vo. 34s. cloth. 


ROGERSS FEGETABLE CULTIVATOR ; 
Contuining a plain aud accurate Description of every species and variety of Calinary Vege- 
tables: With the most approved Modes of Cultivating and Cooking them. New and Cheaper 
Edition. Fcp. 8vo. 5s. clath. 


ROGET.—THESAURUS OF ENGLISIT WORDS AND PITRASES. 


Classified and arranged, 80 as to facilitate the Expression of Ideas, and assist in Literary Cou- 
position. By P. M. RoazrT, M.D. F.R S. F.G.S. F.R.A.S. F.S.A., &c. ; Author ot the‘‘ Bridge 
water Trentise on Animal and Vegetable Physiology,”” &c. 8vo. [Nearty ready. 


RONALDS.—THE FLY-FISHERS ENTOM OLOG F. 


Hlustrated by coloured Representations of the Natural and Artificial Insect; and accon- 
panied by a few Observations and Instructions relative to Trout and Grayling Fishing. By 
ALFRED RoNaALDs. 4th Edition, corrected; with Twenty Copperplates. 8vo. 148. cloth. 


ROFINGS IN TE PACIFIC, FROM 1857 TO 1849; 


With a GLANCE at CALIFORNIA. By À MERCHANT LONG RESIDENT AT Tauzsri. Witb 
Four Illustrations printed in colours. 2 vols. post 8vo. 21s, cloth. 


ROWTON.—THE DEBATER ; 


Being a Series of complete Debates, Outlines of Debates, and Questions for Discussion ; with 
ample References to the best Sources of Information on each particular Topic. By FREDERIC 
RowTon, Author of ‘The Female Poets of Great Britain.” New Edition. Fcp. 8vo. 6s. cloth. 
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SCHOWBERG.—THE TIEOCRATIC PIILOSOPITY OF ENG- 


LISH HISTORY. Being an attempt to impress upon History its True Genius and Real Cha- 
racter ; and to represent it not as a Disjointed Series of Facts, but as one Grand Wbhole. By 
the Rev. J. D. ScHoms8enso, B.A. of Corpus Christi College, Cambridge. 2 vols. 8vo. 218. cloth. 


SEAIWARD.—SIR EDWARD SEAWARDS NARRATIVE OF 


HIS SHIPWRECK, and consequent Discovery of certain Islands in the Caribbean Sea: with 
a detail of many extraordinary and highly interesting Events in his Life, from 1738 to 1749, as 
written in his own Diary. Edited by Miss Jane Ponrer. Third Edition; with a New Nau- 
tical and Geographical Introduction. 3 vols. post 8vo. 218. cloth. 


SEWELL.—AMY HERBERT. 


By a LaDv. Edited by the Rev. WiLLiAM SrwELL, B.D. Fellow and Tutor of Exeter 
College, Oxford. New Edition. 2% vols. fcp. 8vo. 9s. cloti 


SEIFELL.—TUE EARLS DAUGUTER. 


By the Authoress of ‘“ Amy Herbert.” Edited by the Rev. WILLIAM SEeweLL, B.D. Fellow 
and Tutor of Exeter College, Oxford 2 vols. fcp. 810. 9s. cloth. 


SEIFELL.—GERTRUDE. 


A Tale. By the Authoress of ‘“ Amy Herbert.” Edited by the Rev. WiLLIAM SeweLL, B.D. 
Fellow and Tutor of Exeter College, Oxford. New Edition. 3 vols. fcp. 8vo. 9s. cloth. 


SEFELL.—LANETON PARSONAGE : 


A Tale for Children, on the Practical Use of a portion of the Church Catechism. By the 
Authoress of ‘Amy Herbert.” Edited hythe Rev. W. SzwkLL, B.D. Fellow and Tutor of 
Exeter College, Uxford. New Rdition. 8 vols. fcp. 8vo. 16s. cioth, 


SEWELL—MARGARET PERCIFAL. 


By the Authoress of ‘“ Amy Herbert.” Edited by the Rev. W. SeweLz, B.D. Fellow and Tutor 
of Exeter College, Oxford. New Edition. 3 vols. fcp. 8vo. 13. cloth. 


SIHAKSPEARE, BF BOWDLER. 


THE FAMILY SHAKSPEARE; in which nothing is added to the Original Text ; but those 
wordsand expressionsare omifted which cannot with propriety be readaloud. ByT BowbLen, 
Esq.F.R.S. New Edition; with 36 Eugravings on Wood, from designs by Sinirke, Howard, 
and other Artists. 8vo. 215. cloth; or,in8 vois. 8vo. without Illustrations, #4. 148. 6d. boards. 


SITARDS NEW BRITISH GAZETTEER. 


A NEW GAZETTEER, or TOPOGRAPHICAL DICTIONARY of the BRITISH ISLANDS 
and NARROW SEAS : Comprising concise Descriptions of about Sixty Thousand Places, 
Seats, Natural Features, and Objects of Note, founded on the best Authorities; full Parti- 

- calars of the Boundaries, Registered Electars, &c. of the Parliamentary Boroughs; with a 
reference under every Name to the Sheet of the Ordnance Survey, as far as completed ; and 
an Appendix, containing a General View of the Resources of the United Kingdom, a Short 
Chronology, and an Abstract of certain Results of the Census of 1851. By JAMES À. SHARr, 
Esq. 2 vols. 8vo. #2. 165. cloth. 


*,* Sharp's British Gasetteer is also in course of publication in Twenty-two Monthly Parts, 
price Half.a-Crown each. 


“ We have already had occasion to mention thin bonk, and a careful examination of its contents bas ennvinced us of 
Ite grent value. The remarkable clearness with wluch its condensations and abbreviations are made appears to us its most 
admirable feature We have no book uf similar bulk in the language containing anything like the amount of informatiun 
of various hinds so well arranged and s0 easily accensible as in this new garettrer. Every article benra the mark of studied 


caretul, and exart compilation. It comprehends both the topography and the hydrography of the United Kingdom, and 
is con-srurtal on the plan of fuvilitating refcrence by brinxing together as many articles as possible under d heads. 
.. All the positions have been retaken from the maps ; and uot only the county but the quarter of the county given in 
which a name might Le luuked for, We must,in short, repeat with a liberal acquiescence what Mr. Sharp h remarks 


of his five years’ diligent labour, that it w1ll be found to comprise in a clear and legible type, more substantial information, 
colbected flom onigiual suurces, and put .ntu a convenient fuim, than the bulhiest of its Fi ÉxANINER 
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Re 


SHEPHERD.—THE HISTORY OF THE CHURCH OF ROME, 


to the End of the Episcopate of Damsus, A.b. 384. By EnwanDp Jonx Suzraxnap, M.A 
Rector of Luddesdown. 8vo. 14. cloth. 


SHORT WHIST: 
Its Rise, Progress, and Laws; with Observations to make anyone a Whist Player; containing 
also the Laws of Piquet, Cassino, Ecarté, Cribbage, Backgammon. By Major Attece, 
New Edition. To which are added, Precepts for Tyros. By Mrs. B*tee, Fcp. 8vo. 3s. cloth, 


SINCLAIR.—POPISI LEGENDS OR BIBLE TRUTHS. 


By CATHERINE SINCLAIR, Author of ‘“ The Journey of Life,”’ &c. Dedicated to her Nieces. 
2 vols. fcap 8vo. 6s. cloth. 


SINCLAIR.—TIIE JOURNEY OF LIFE. 


By CATHERINE SINCLAIR, Author of ‘ The Business of Life,” ‘“ Modern Society,” “ Jane 
Boaverie,”” &c. New Edition, corrected and enlarged. Fcp. 8vo. 5s. cloth. 
Li] 


SIR ROGER DE COFERLET. 
From The Spectator. With Notes and Illustrations, by W. Henay WiLLs:; and Twelre 
fine Wood Engravings, by John Thompson, from Designs by FRazpsnicx TAYLER. Crown 
8vo. 153. boards; or 27s. bound in morocco by Hayday. 


SMEE.—ELEMENTS OF ELECTRO-METALLURGTH7. 


By ALrRED SM&E, F.R.S., Surgeon to the Bank of England. Third Edition, revised, cor. 
rected, and considerably enlarged; with Electrotypes and numerous Woodcuts. Post Sr. 
108. 6d. cloth. 


SMITII.—TITE WORKS OF THE REV. SYDNEY SMITH : 
Including his Contributions to The Edinburgh Review. New Edition, complete in One 
Volume ; with Portrait by E. U. Eddis, engraved in line by W. Greatbach, and View of 
Combe Florey Rectory, Somerset. Square crown 8vo. 218. cloth ; 30s. calf extra, by Haydar. 
—Or in 3 vols. 8vo. with Portrait, 86s. cloth. 


SMITH. — ELEMENTARFY SKETCHES OF MORAL PHILO. 
SOPHY, delivered at the Royal Institntion in the Years 1804, 1805, and 1806. By the late 
Rev. SYDNEY SMITH, M.A. With an Introductory Letter to Mrs. Sydney Smith from the 
late Lord Jeffrey. Second Edition. 8vo. 12s. cloth. 


SMITH.—THE VOYAGE AND SHIPWRECK OF ST. PAUL: 
with Dissertations on the Sources of the Writings of St. Luke, and the Ships and Navigation 
of the Antients. By James SuirH, Es. of Jordan Hill, F.R.S. With Views, Charts, 
and Woodcuts. 8vo. 148. cloth. 


SMITH.—TASSO'S JTERUSALEM DELIVERED. 


Translated, in the Metre of the Original, by the Rev. CHARLRS LesINGHAM SMITH, NA 
late Fellow and Mathematical Lecturer of Christ’s College, Cambridge. 2 vols. fcp. 8vo. 
125. cloth. 


SNOW.—KOYAGE OF THE PRINCE ALBERT IN SEARCH OF 


SIR JOHN FRANKLIN : À Narrative of Every-day Life inthe Arctic Sens. By W. PARKEs= 
Snow. With a Chart, and 4 Illustrations printed in Colours. Post 8vo. 13%. cloth. 


THE LIFE AND CORRESPONDENCE OF THE LATE ROBERT 
SOUTHEY. Edited by his Son, the Rev. CHARLES CUTHBERT SOUTHEY, M.A., Vicar 
Ardleigh. With numerous Portraits, and Six Landscape Illustrations from Designs by 
William Westall, A.R.A. 6 vols. post 8vo. 638. cloth. 

** Each of the Six Volumes may be had seperately, price Half-a-Guines. 
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SOUTHEY'S THE DOCTOR dc. COMPLETE IN ONE VOLUME. 


The DOCTOR &c. By the late ROBERT SouTHEY. Complete in One Volume. Edited by 
Mr. Southey’s Son-in-Law, the Rev. Joux Woo WARTER, B.D. With Portrait, Vignette, 
Bast of the Author, and coloured Plate. New Edition. Square crown 8vo. 21s. cloth. 


SOUTHEY’S COMMONPLACE BOOKS. 


The COMMONPLACE BOOKS of the late ROBERT SOUTHEY. Comprising—1. Choice 
Passages: with Collections for the History of Manners and Literature in England; 2. Special 
Collections on various Historical and Theological Subjects ; 3. Analytical Readings in various 
branches of Literature; and 4. Original Memoranda, Literary and Miscellaneous. Edited 
by Mr. Southey’s Son-in-Law, the Rev. J. W. Wanren, B.D. 4 vols. square cr. 8v0. £3. 18s. cl. 


*,* Each Series of Southey’s Commonplace Books forms a distinct Volume, complete in 
itself, and may be had separately as follows : — 


FIRST SERIES—CHOICE PASSAGES, &c. 24 Edition; with medallion Portrait. Price 18. 
SECOND SERIES—SPECIAL COLLECTIONS. 188. 

THIRD SERIES—ANALYTICAL READINGS. 31s. 

FOURTH SERIES—ORIGINAL MEMORANDA, &c. ls. 


ROBERT SOUTHEY’S COMPLETE POETICAL WORKS ; 


Containing all the Author’s last Introductions and Notes. Complete in Une Volume, with 
Portrait and View of the Poet’s Residence at Keswick ; uniform with Lord Byron’s and 
Moore’s Poems. Medium 8vo. 418. cloth; 42s. bound in morocco.—Or, in 10 vols. fcp. 8vo. 
with Portrait and 19 Plates, #2. 10s. cioth; morocco, #4. 10s. 


SOUTHEY.—SELECT WORKS OF TIIE BRITISH POETS, 


From Chaucer to Lovelace, inclusive. With Biographical Sketches by the late RoBsznT 
SourHEeyx. Medium 8vo. 30s. cioth. 


SOUTHEY.—THE LIFE OF WESLEY ; 


And Rise and Progress of Methodism. By Rossar SourHzY. New Edition, with Notes by 
the late Samuel Taylor Coleridge, Esq., and Remarks on the Life and Character ot John 
Wesley, by the late Alexander Knox, Esq. Edited by the Author’s Son, the Rev. CHARLES 
CuTHBERT SouTHzYy, M.A. Vicar of Ardleigh, 3 vols. 8vo. with 2 Portraits, 28s. cloth. 


SQUIER.—NICARAGUA ; 


Its People, Scenery, Monuments, and the proposed Interoceanic Canal. By E. G. Sauren, 
late Chargé d’Affaires of the United States to the Republics of Central America. With Nine 
Original Maps, Twenty-five Plates printed in colours, and numerous Woodcut Illustrations. 
3 vols. royal 8vo. 315. 6d. cloth. « 
€ As a description of the district of Central America to which it refers, the present work is entitled to take rank in the 
highest class of geographical, cthnolugical, and antiquarian Literature.” Joux Bu. 


“ Many causes are combining to give great importance to the States of Central America. Their own fertility and 
natural sdvantages, the commerce of the Pacific, and the gold of California, uaite to attracttle earnest attention of 
raterprising men and politicians towards them." Lirtananx Gasstrs. 


STEELS SHIPMASTERS ASSISTANT ; 


Compiled for the use of Merchants, Owners and Masters of Ships, Officers of Customs, and all 
Persons connected with Shipping or Commerce: containing the Law and Local Regulations 
affecting the Ownership, Charge, and Management of Ships and their Cargoes ; together with 
Notices of other Matters, and all necessary Information for Mariners. New Edition, rewritten 
throughout. Edited by GRAHAM WIiLLMOnRs, Esq. M.A. Barrister-at- Law; GEoncz 
CL&MENTS, of the Customs, London; and WiLLiAM TATz, Author of‘ The Modern Cambist.” 
8vo. 288, cloth ; or 298. bound. 


STEPIHEN.—LECTURES ON TUE HISTORY OF FRANCE. 


By the Right Hon. Sir JAMES ST=PHEN, K.C.B. LL.D., Professor of Modern History in the 
University of Cambridge. 2 vols. 8vo. 24s. cloth. | 
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STEPHEN.—ESSAFYS IN ECCLESTASTICAL BIOGRAPHTY. 
From The Edinburgh Review. By the Right Honaurable Sir JAMES STSPHEN, K.C.B. LL.D. 
Professor of Modern History in the University of Cambridge. Second Edition. 3 vols. Svo. 
848. clotb. 


STOW.—TILE TRAINING SYSTEM, TUE MORAL TRAINING | 


SCHOOL, and the NORMAL SEMINARY. By Davin Srow, Esq. Honorary Secretary to 
the Glasgow Normal Free Seminary ; Author of ‘“ Moral Training,” &c. S8th Edition, cor- 
rected and enlarged ; with Plates and Wooticuts. Post 8vo. 6s. cloth. 


SWAIN—ENCGLISITI MELODIES. 


By CHARLES Swan, Author of “The Mind, and other Poems.” Fcp. 8vo. 6s. cloth; bound 
in morocco, 128. 


SFYMONS.—TILE MERCANTILE MARINE LAW. 
By Epwarp WiLLiAM SyMons, Chief Clerk of the Thames Police Court. 5th Edition, in- 


cluding the Act passed in 1851 to amend the Mercantile Marine Act of 18590, and the provisions 
of the New Act relatiug to the Merchant Seamen's Fund. 192mo. 5s. cloth. 


TATE.—EXERCISES ON MECHANICS AND NATURAL PHI 
LOSOPHY; or, an Easy Introduction to Engineering. Containing various App'ications of 
the Principle of Work: the Theory of the Steam-Engine, with Simple Machines Theorems 
and Problems on Accumulated Work, &c. New Edition. 12mo. 28. cloth. 


TATE.—KEY TO TATE’S EXERCISES ON MECHANICS AND 
NATURAL PHILOSOPHY. Containing full Solutions of all the unworked Examples aud 
Problems. 12mo. with Diagrams, 3s. 64. cloth. 

# This little volume je, like all that Mr. Tate does, remarkable for its lucid arrangement, and the bappy way in which 

a practical bearing is given to the subjects. It contain« neat and excellent solutions to ail the unsolvei nestions in his 


Ererrises on DM nics, an wellas ta sume very instructive additional problerns ; and it will be four] invaluable to the 
unussisted student, as well as to the tercher whose time is of importance.’ Jocanac ur EpuCaTiox. 


‘ Mr.Tate’s hook gives in a practical and popular form the substapce of every mechanical principle, whether be 
to statics or dynamics, which can ever become applicable in any comtination of engineering operations ; and in order 
they may be ul understood, it supplies u: der rach a number of illustrative examples, the solutions of which are given 
in the Little book now before us. {'ractical mechanics will derive from it the greatest assistance, and the number of 
examples worked will serre to make the calculations perfectiy obvious.” MoRnING ADVERTISER. 


TATE.— ON TIIE STRENCGTIT OF MATERIALS ; 


Containing various original and useful Formulæ, specially applied to Tubular Bridges, Wrought 
Iron and Cast iron Beams, &c. By THomaAs Tare, of Kneller Training College, Twickenham ; 
late Mathematical Professor and Lecturer on Chemistry in the National Society’s Training 
College, Battersea; Author of ‘“ Exercises on Mechanics and Natural Philosophy.” 8vo. 
5s. 6d. cloth. 


TAYLER.—MARGARET ; 


Qr, the Pearl. By the Rev. CHARLES B. TAYL&ER, M.A. Rector of St. Peter’s, Chester, Author 
Of “Lady Mary, or Not of the World,” &c. New Edition. Fcp. 8vo. 6. cloth. 


TAYLER.—LADY MARF ; 
Or, Not of the World. By the Rev. CHARLES B. TAYLER, Rector of St. Peter’s, Chester; 


Author of “ Margaret, or the Pearl,” &c. New Edition; with a Frontispiece engraved by J. 
ABsoLON. Fcp. 8vo. 6s. 6d. cloth. 


TAYLOR.—I,0YOLA: AND JESUITISM IN ITS RUDIMENTS. 


By IsAAcC TAYLOR, Author of ‘“ Natural History of Enthusiasm,’’&c. Post 8vo. 10s. 6d. cloth. 
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TAYLOR.—WESLEY AND METHODISAT. 


By Isaac TayLon, Author of ‘“ Natural History of Enthusiasm,”’ &c. : With a Portrait of 
Wesley, engraved by W. Greatbach. Post 8vo. Hal -a-Guinea, cloth. * 


#5 This volume will be acceptable to the public on many grounds. It will pleuse the reli by its respect for reli 
and tbe literury by the furce Pf its stqle. Fi will not dinpléase the Churchman by any vÉienre 21 view, nor the Sears 
by any bitterness of language. On the whole, it will perhiaps be mont welcomed by the philosupher, for its attempt to 
recourile apparent anomalies of belief, to account for perplexing events in the history of religion, and to give some 

in the shape of systera tu the general effects of religious action on the worid..... We presumc that this volume will be in 
the hands of more than the Methndists. It deserves à place on the library table of every man, who is to be attracted by 
etrong thoughts in strong language, curivus mctaplysics, and a stately view of religious prubabilitiss to come." 

RITANMIA. 


THIRLWALL.—TUE IISTORF OF GREECE. 


By the Right Rev. the Lonp Bisxop of Sr. Davip’s (the Rev. Connop Thirlwall). An 
improved Library Fdition; with Maps. 8 vols. 8vo. £4. 16. cloth. 


*,* Also, an Edition in 8 vols. fcp. 8vo. with Vignette Titles, #1. 88. cloth. 


A HISTORY OF GREECE, FROM THE EARLIEST TIMES 


to the TAKING of CORINTH bv the ROMANS, 8.c. 146, mainly based upon Bishop 
Thirlwall’s History of Greece. By Dr. LxonHARD SCHM1ITZ, F.R.S.E., Rector of the High 
Schoo!i of Edinburgh. Second Edition. 12mo. 7s. 6d. cloth. 


THOMSON’S SEASONS. 


Edited by Bozron Connevy, Esq. Illustrated with Seventy-seven Designs drawn on Wood 
by Members of the Etching Club. Engraved by Thompson and other eminent Engravers. 
Uniform with Goldsmith’s Poems illustrated by the Efchking Club. Square crown 8vo. 218. 
cloth; or, bound in morocco Ly Hayday, 368. 


THOMSON.—TABLES OF INTEREST, 


At Three, Four, Four-and-a-Half, and Five per Cent., from One Pound to Ten Thousand, and 
from One to Three Hundred and Sixty-five Days, in a regular progression of single Days: 
with Interest at all the above Rates, from One to Twelve Months, and from One to Ten Years, 
Also, numerous other Tables of Exchanges, Time, and Discounts. By Joux THOMSON, 
Accountant. New Edition. 12mo. 8s. bound. 


THOMSON.—SCHOOL CHEMISTR} ; 


Or, Practical Rudiments of the Science. By RonszT DUNDASs THOMs0N, M.D. Master in 
Surgery in the University of Glasgow. Fcp. 8vo. with Woodcuts, 7s. cloth. 


THE THUMB BIBLE ; 


Or, Verbum Sempiternum. ByJ.TAYLOR. Being an Epitome of the Old and New Testa- 
mentsin English Verse. A New Edition, printed from the Edition of 1693, by C. Whit- 
tingham, Chiswick. 64mo. 1s. 6d. bound and clasped. 


TOMLINE.-—-AN INTRODUCTION TO THE STUDY OF THE 


BIBLE: containing Proofs of the Authenticity and Inspiration of the Holy Scriptures; 
a Summary of the History of the Jews; an Account of the Jewish Sects; and a brief 
Statement of the Contents of the several Books of the Old and New Testaments. ByGzoncz 
TouLin8, D.D. F.R.S. New Edition. Fcp. 8vo. 5s. 6d. cloth. 


TOOKE.—TIIE ITISTORY OF PRICES : 


With reference to the Causes of their principal Variations, from the year 1792 to the year 
1847, inclusive. With a Sketch of the History of the Corn Trade in the last Two Centuries; 
a general Review of the Currency Question ; and Remarks on the Operation of the Acts 7 and 
8 Victoria, c. 32. By TuomAs Tooxs, Esq. F.R.S. 4 vols. 6vo. #3, 6s. cloth. 








ne 








80 NEW WORKS AND NEW EDITIONS 





TOWNSEND.—MODERN STATE TRIALS. 


Revised and illustrated with Essays and Notes. By WiLLiAM CHARLES TOWNSEND, 
M.A., Q.C., late Recorder of Macclesfeld; Author of ‘“ Lives of Twelve Eminent Judg: 
the Last and of the Present Century,’’ &c. 4 vols. 8vo. 30s. cloth. 


TOWNSEND.—THE LIVES OF TWELVE EMINENT JUD( 


of the LAST and of the PRESENT CENTURY. By W.CHARL=Ss TOWNSEND, Esq. M.A. 
late Recorder of Macclesfeld ; Author of ‘ Memoirs of the House of Commons.” 4: 
8vo. 288. cloth. 


TURNER.—THE SACRED HISTORY OF THE WORLD, 


Attempted to be Philosophically considered, in a Series of Letters to a Son. By SHaA 
Turnen, F.8.A. and R.A.S8.L. New Edition, edited by the Rev. SYDN=Y TURBNER. 3: 
post 8vo. 318. 6d. cloth. 


TURNER.—THE ITISTORY OF TILE ANGLO-SAXONS, 


From the Earliest Period to the Norman Conquest. By SHARON TURNER, F.S.A. 
R.A.S.L. The Seventh Edition (1852). 3 vols. 8vo. 36s. cloth. 


*,* The text and notes of this edition have been carefu]ly revised,and as many of the Autt 
later corrections and additions as appeared to have been intended and prepared by him 
publication have been introduced. 


DR. TURTON’S MANUAL OF TILE LAND AND FRE: 
WATER SHELLS of the BRITISH ISLANDS. À New Edition, thoroughly revised and 
considerable Additions. By Joux Epwarp Gay, Keeper of the Zoological Collectio 
the British Museum. Post 8vo. with Woodcuts, and 13 Coloured Plates, 158. cloth. 


URE.— DICTIONARY OF ARTS, MANUFACTURES, & MINI 


Containing a clear Exposition of their Principles and Practice. By ANDREw Us, ! 
F.R.S. M.G.S. M.A.S. Lond.; M. Acad. N.L. Philad.; S. Ph. Soc. N. Germ. Hanov.; M 
&c. &c. New Edition, corrected. 8vo. with 1,241 Engravings on Wood, 50. cloth.—Al: 


SUPPLEMENT of RECENT IMPROVEMENTS. New Edition. Svo. with Woodcuts, 148. c 


WATERTON.—ESSAYS ON NATURAL HISTORF, 
Cbhiefly Ornithology. By CHARLES WATERTON, Esq., Author of ‘“ Wanderings in S 
America.” With an Autobiography of the Author, and Views of Walton Hall. 
Edition. 2 vols. fcp. 8vo. 148. 6d. cloth. 


*e* Separately—Vol. I. (First Series), 88.; Vol. IT. (Second Series), 6s. 6d. 


ALARIC WATIS’S POETRY AND PAINTING.—LYRICS 
THE HEART, and other Poems. By ALaric À. Warrs. With Forty-one highly-fini: 
Line-Engravings, executed expressly for this work by the most cminent Painters and 
gravers. 

In One Volume, square crown 8vo. price 81s. 6d. boards, or 458. bound in mor 
by Hayday; Proof Impressions, 63s. boards.—Plain Proofs, 41 Plates, demy 4to. ( 
100 copies printed) #2. 2s. in portfolio ; India Proofs before letters, colombier 4to. (: 
50 copies printed), #5. 58. in portfolio. 


WHEATLEY.—THE ROD AND LINE; 
Or, Practical Hints and Dainty Devices for the Sure Taking of Trout, Grayling, &c. 
Hzwatr WH£ATLEY, Esq. Senior Angler. Fcp. 8vo. with Nine coloured Plates, 108. 6d. cl 
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THE TRAVFELLERS LIBRARY 


Publishing Monthly, and sold at One Shilling each Part, is intended to comprise books of 
valuable information and acknowledged merit, in a form adapted for reading while Travelling, 
and at the same time of a character that will render them worthy of preservation; but the 
price of which has hitherto confined them within a comparatively narrow circle of readers. 


The First Erghteen Parts comprise— 


. WARREN HASTINGS. By Tromas BABINGTON MacauLay. Reprinted 
from Mr. Macaulay”’s ‘‘ Critical and Historical Essays.”’ Prico One Sbllling. 


2, LORD CLIVE. By TnomAs BABINGTON MacauLay. Reprinted from Mr. 
Macaulay’s ‘ Critical and Historical Essays.”’ Price One Shilling. 


*,* Mr. Macaulay’s Two Essays on Warren Hastings and Lord Clive may be 
bad in One Volume, 16mo. price Half-a-Crown, cloth. 


3. LONDON 1:1N 1850-51. By J. R. M'Currocu, Esq. Reprinted from Mr. 
M'Culloch’s ‘“ Geographical Dictionary.” Price One &hilling. 

À. SIR ROGER DE COVERLEY. From the ‘‘ Spectator.”’ With Notes and 
Illustrations by W. H. Wills. Price One Sbhilling. 


5. WILLIAM PITT, EARL OF CHATHAM. By Taomas BaABINGTON 
MacaAuLAY. Price One Shilling. 


6 & 7. Mr. 8. LAING’S JOURNAL of a RESIDENCE in NORWAY during 
the Years 1834, 1835, and 1836. Two Parts, price One Shilling each ; or in One Volume, 
16mo. price Half-aCrown, cloth. 


8. ‘‘ RANKE’S HISTORY of the POPES. ’’And, ‘ GLADSTONE on CHURCH 
and STATE.’ By THOMAs BABINGTON MAcAULAY. Price One Shilling. 


*,* Mr. Macaulay’s Four Essays on William Pitt, Earl of Chatham, ‘‘ Ranke'’s History 
ôf the Popes,”’ and ‘“ Gladstone on Church and State,’ may be had in One Volume, 16mo. 
price Half-a-Crown, cloth. 


9 & 10. À LADY’S VOYAGE ROUND the WORLD. A Condensed Translation, 
from the German of Ida Pfeiffer, by Mrs. Percy SiNNeTr. In Two Parts, price One 
Shilling each; or in One Volume, 16mo. price Half-a-Crown, cloth. 


11 & 12. EOTHEN ; or, Traces of Travel brought Home from the East. A New 
Edition, in Two Parts, price One Shilling each; or in One Volume, 16mo. price Half-a- 
Crown, cloth. 

13. ‘‘ The LIFE and WRITINGS of ADDISON.”” And, HORACE WALPOLE,. 
By THOMAS BABINGTON MACAULAY. Price One Shilling. 


14 & 15. HUC’S TRAVELS in TARTARY, THIBET, and CHINA. A Con- 
densed Translation, by Mrs. Pency Sinnerr. ‘Two Parts, price One Sbilling each; or 
in One Volume, 16mo. price Half-a-Crown, cloth. 


16 & 17. HOLCROFT’S MEMOIRS, written by Himsecr and continued to his 
Death from his Diary, Notes, and other Papers. Two Parts, price One Sbhilling each ; 
or, in One Volume, 16mo. price Half-a-Crown, cloth. 


18. LECTURES and ADDRESSES. By the Eanz or CanLiscz. Price 1s. 


To be followed by 


AFRICAN WANDERINGS ; or, an Expedition from Sennaar to Taka, Basa, and 
Beni-Amer : with a psrticular glance at the Races of Bellad Sudan. By FERDINAND 
WERNE&, Author of ‘ Expedition in Search of Sources of the White Nile.”’ Translated 
from the German, by J. R. Jonnsron. Forming Two Parts of the Traveller’s Library. 


SKETCHES in CANADA and RAMBLES amoug the RED MEN. By Mrs. 
JAM=sonN. Forming Two Parts of the Traveller’s Library. 16mo. 
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WEBSTER.—AN ENCYCLOPÆDIA OP DOMESTIC ECONOMT ; 


Comprising such subjects as are most immediately connected with Housekeeping : as, The 
Construction of Domestic Edifices, with the modes of Warming, Ventilating, and Lighting 
them—A description of the various articles of Furniture, with the nature of their Materials — 
Duties of Servants, &c. &c. &c. By THomas Wspsran, F.G.S.; assisted by the late Mrs. 
PaARxes. New Edition. 8vo. with nearly 1,000 Woodcuts, 50s. cloth 


LADY WILLOUGHBY’S DIART. 


So much of the Diary of Lady Willoughby as relates to her Domestic History. and to the 
Eventful Reign of King Charles the First, the Protectorate, and the Restoration (1635 to 1663). 
Printed, vurnamented, and bound in the style of the period to which The Diary refers. New 
Edition; in Two Parts. Square fcp. 8vo. 8s. each, boards; or 188. each, bound in morocco. 


YOUATT.—THF HORSE. 


By WILLIAM YOUATT. With a Treatise of Draught. A New Edition; with numerous Wood 
Engravings, from Designs by William Harvey. 8vo. 10s. cloth. 


e Messrs. Longman and Co.’s Edition should be ordered. 


FYOUATT.—THE DOG. 


By WiLLiAM YOUATT. A New Edition; with numerous Wood Engravings, from Designs 
by William Harvey. 8vo. 6s. cloth. 


*,* The above works, which were prepared under the superintendence of the Society for 
the Diffusion of Knowledge, are now published by Messrs. Longman and Co., by assigument 
from Mr. Charles Knight. It is to be observed that the edition of Mr. Youatt’s book on the 
Horse which Messrs. Longmanu and Co. have purchased from Mr. Knight, is that which vas 
thoroughly revised by the author, and thereby rendered in many respects a new work. The 
engravings, also, were greatly improved. Both works are the most complete treatises in the 
language on the History, Structure, Diseases, and Management of the Animals of which 
they treat. - 


ZINCKE.—SOME THOUCGIITS ABOUT THE SCIIOOL OF TITE 


FUTURE; Or, a Sketch of the Solution which Time appears to be preparing for the different 
Educational Questions of the Day. By the Rev. FosTen BARHAM Zixckes, Vicar of Wher- 
stead, near Ipswich. Post 8vo. 7s. cloth. 

# Mr, Zincke has, in the rompans of a few pages, supplied us with à large amannt af most valuable matter, and aup- 
portcd his arguments by s varety uf appropriute and cogent illustrations... ... We hall him À° à pouerful advocate of a 
grent and good cause, and cordially re-ommend this small volume to the a‘tention of all persons who take an interest m 
the question to which it relates.. We entertain so high an opiniun of the value of Mr. Zincke's remarks, that we should 
be giad if we could spare suflcient apace for a full gsis both af his arguinents and his plans; but,as we cannot do 
this, we must content vursælves with giving a gencral summary of the contents of the volume, and à quotation or two 
illustrative of the extensive and practical views embraced by the author... His views are on tie whole just, liberal, and 
comprehenuive, and ñe bas the grest merit of suying much in few words. We hare, indeed, seldorm met with s0 much 
important matt: r condenxed into s0 amall a s . ÂAlmonst every topic that the consideration of such a question includes 
ia Esuched upon by the autliar, and yet the whole volume contains only 239 pie and of this number 76 are occunied by 


an appendis, wluch is Ly no meuns the least interesting or important part of te work." Cauisriax Tinuxs. 


ZUMPT'S GRAMWAR OF TITLE LATIN LANGUAGE. 
Translated and adapted for the use of English Students, with the Author’s sanction and 
co-operation, by Dr. L. ScHmiTz, F.R.S.R., Rector of the High School of Rdinburgh: 
with copious Corrections and Additions communicated to Dr. Schmitzby Professor ZUMPT., 
New Edition, corrected. 8vo. 145. «lot, 


[Afarch 31, 1832. 


Q _— 
WIMSON AMD OGILVY, SKIXNER STREST, SNOWMIL, LONDON. 














